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PREFACE. 


nPHIS  book  has  been  compiled  with  a  view  to 
^       place  before  Paper-Mill  Workers  generally 
concise   information   relating  to   the  Engineering, 
Chemical,  and  other  departments  of  Paper  Mills. 

The  author  in  his  daily  work  has  long  felt  the 
need  of  such  a  collection  of  data  as  is  here  given, 
and  many  years  ago  began  to  collect  such  items  as 
were  useful,  with  a  view  to  publication.  The  present 
attempt  to  supply  what  is  most  useful  is  somewhat 
imperfect,  owing  partly  to  the  character  of  the  work 
itself  and  the  wide  range  of  subject  which  it  covers ; 
but  the  author  hopes  to  bring  it  up  in  the  course 
of  time  to  the  standard  of  other  works  of  a  similar 
class.  Errors  have  doubtless  crept  into  the  text, 
and  the  author  will  thank  any  readers  who  may 
point  them  out  or  offer  suggestions  on  the  work 
itself  for  incorporation  in  future  editions. 

The  author  desires  to  thank  those  friends,  too 
numerous  to  name  individually,  for  the  assistance 
they  have  rendered  him  in  revising  the  text,  &c. 

London,  March,  1901. 


LONDON 

PRINTED  BY  MCCORQUODALE  &  CO.,  LIMITED, 
43   CARDINGTON  STREET,  EUSTON,  N.W. 
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CHAPTER  I. 


WEIGHTS  AND  MEASURES,  WITH  METRICAL 
EQUIVALENTS. 


16  drachms 
16  ounces  .. 
28  lbs. 
112  „ 
20  cwts.  . 


Avoirdupois  Weight. 
...  =  1  ounce  = 
...  =  1  lb.  = 
...  =:  1  qr.  cwt.  = 
...  =  1  cwt.  = 


28-3493  grammes. 
453-59 


12,700-00 
50,802-38 

=  1  ton         =  1,016,047-50 
27-34  grains  =  1  drachm.         7,000  grains  = 
437^  grains  =  1  oz. 


1  lb 


Troy  Weight. 

24  grains   ...       ...       ...      =1  dwt.  =      1-555  grammes. 

20  dwts   =  1  oz.     =    31-103  ,, 

12  ozs   =  1  lb.     =  373-242 

5,760  grains  =  1  lb.  troy.      480  grains  =  1  oz.  troy. 


Apothecaries'  Weight. 


1  scruple. 
1  drachm. 
1  ounce. 
1  lb. 


20  minims  or  grains 

3  scruples    

8  drachms  

12  ounces  ... 

Liquid  Measure. 

4  gills    =  1  pint     =  0-28394  litres. 

2  pints       ...       ...       ...       =1  quart    =  1-13575  ,, 

4  quarts     ...  ...       =1  gallon  =  4-543  ,, 

1  imperial  gallon  =  277*463  cubic  inches  =  10  lbs.  of 
water  @  62^^  Fah. 
1  litre  =  7-04  gills  =  1-76  pints  =  0*88  quart  =  0*22  gallon. 


Wine  Measure. 


2    pints    . . . 
4    quarts  ... 
42  gallons 
IJ  tierces 
14  hogsheads 
1^  puncheons 
2    pipes  ... 


=  1  quart. 


gallon, 
tierce, 
hogshead, 
puncheon. 


1 
1 
1 

1 

1  pipe 
1  tun. 


2 


Ale  and  Bebb  Measure. 


pints   . . . 
quarts  ... 
gallons... 
firkins  . . . 
kilderkins 
1^  barrels 
ll  hogsheads 
1|  puncheons 


quart, 
gallon, 
firkin, 
kilderkin. 


1  barrel. 
1  hogshead. 
1  puncheon. 
1  butt. 


Measure  of  Capacity  (Dry  Measure). 


8  pints   

2  gallons  ... 

4  pecks  ... 
8  bushels  ... 

5  quarters 
2  weys 

One  cubic  foot  of  water  at  62°  Fah.  wei; 


gallon. 

peck. 

bushel. 

quarter. 

wey. 

last. 


ghs  =  62-355  lbs.,  and 
contains  6-2355  gallons,  and  nearly  1,000  ounces  avoirdupois. 


Long  Measure. 


12 
3 
2 

2f 


0-3048  metres. 
0-9144  „ 


inches  ...       ...  = 

feet     ...       ...  = 

yards  (or  6  feet)  = 
fathoms         ...  = 
40    poles   ...       ...  - 

8  furlongs  ...  = 
1  statute  mile  =  1.760  yards 

furlongs. 

1  nautical  mile  or  knot  =  6,080  feet. 
1  cable  length  =  120  fathoms.        7-92  inches  =  1  link. 
1  chain  =  100  links       66  feet  =  22  yards. 
1  metre  =  3  2809  feet  =  39-37  inches. 


foot 

yard 

fathom 

pole 

furlong 

mile 


1-8267 
5-0291 
201-16 
1,609-315 


880  fathoms  =  320  poles  =  8 


Square  Measure. 


144 

parts 

144 

square 

inches 

9 

;? 

feet 

272i 

?? 

J? 

40 

rods 

4 

roods 

160 

;5 

rods 

4.840 

yards 

43.560 

5? 

feet 

10 

5J 

chains 

640  acres 


1  square  inch. 

1       .,  foot. 

1       ,,  yard. 

1       .,     rod  or  pole. 

1       ,.  rood. 


1  acre. 


1  square  mile. 
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Solid  or  Cubic  Measure. 


1,728  cubic  inches 


27 
40 
50 
42 
108 
128 
216 
165 


feet 

.,  of  rough  or  > 
,,  .,  hewn  timber) 
..   .,  timber 


=  1  cubic  foot. 
—  I     „  yard. 

=  1  ton  or  load. 

=  1  shipping  ton. 
..     ...       ...       ...       1  stack  of  wood. 

 =  1  cord   „  „ 

,,     ...   =  1  cubic  fathom  of  wood. 

...       ...       ...  =  1  St.  Petersburg  Stand- 
ard of  sawn  timber. 
1  cubic  yard  =  0*764513  cubic  metre, 
cubic  metre  —  35*31658  cubic  feet. 


Coal. 


112  lbs  

2  cwts.  ... 

10  sacks   

21  tons  4  cwts.  ... 

20  keels  or  424  tons 
140  cwts.  or  7  tons 

4  bushels 
12  sacks  ... 

21  chaldrons 


cwt. 


ton. 

barge  or  keel, 
ship  load, 
room. 


Coke. 


1  sack. 

1  chaldron. 

1  score. 


MENSURATION  OF  SURFACES  AND  CAPACITIES. 

Area  of  a  square  =  side  ^ 

..       a  rectangle,  rhombus  or  rhomboid  =  side  x  per- 
pendicular height. 
,,     ,,  a  triangle  =  half  the  side  x  perpendicular  height. 
,,     „  a  circle  =  3*141593  X  radius  ^ 

,,       an  ellipse  =  3*141593  x   major  semi-axis  x  minor 
semi  axis. 
Surface  of  a  cube  —  6  x  edge  ^ 

„       ,,  a  sphere  =  12*566370  x  radius  ^ 

5,       „  a  cylinder  =  6*283185  x  radius  of  base  x  sum  of 

height  and  radius  of  base. 
„       ,,  a  spherical  segment  =  6*283185  x  height  x  radius 
of  circular  base. 
Volume  of  a  cube  =  edge  ^ 

.,       „  a  sphere  =  |  X  3*141593  x  radius  ^ 

,,       .,  a  cylinder  =  3*141593  x  height  x  radius  ^ 

,,       ,,  a  prism  =  base  area  x  height. 

„       ,,  a  cone  or  pyramid  =  3  X  base  area  x  height. 
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'-'W-'IfNCClTT                     -(|(Mr5lT           rHl^-Hlf^^rOlTT           r-llTfl-Hliri.-ClTf           _|^^|0,XI-r  -<|-^-l|(M«|-^ 

'«^DC0OOC0i0l>.a5O<M-=:HOOT-H,-HC>^OC0OOCCi^^l^C5O 

c»  '^f^     ^  o  lO  o  lO     o  o  o  o     o  i-^                 >-X)  a:     cxD  GO 
^ooooooooooooooooooooooooo 

CM 

'doC<l'rH'X5COOO<M'*CjDQOOOCM'*«^QOOO(M^OCOOO 
1— (  1— 1  1— 1  I— 1 

•^ooooooooooooooooooooooooo 

?:|Tp-i|(N-<|'V  cQiTt— i|(N-i|'<ji      r:irrH(N-i|-^      .-cl-<t-(|04-i|Tfi      r-.iTr-.i'N-il'*  Xi'r-ii(N-i|rj< 
O  tr-       ^  1-1  CM  ^  "X*  00  Ci  —  rH       ^  O  GO  O  -H  ,— I  -0  O  O  00  O  O 

<                                                          1—1                                                 T—l    T-H  T—l 

tc  CO  CO  CO  CO      ^  ^  ^             o  ko      ic  o  lo  o  o  :r      O  O 
■^ooooooooooooooooooooooooo 

;^ 

-ilfN       H(N       -i-CM       rHir^       ^icq                     -il'N        -^if^       -tlOl       -ilC^J       -H|OJ  -no* 

'^OrHCO^COt^OSOOi— iCO^Ot-CiOOT-HCO^^^Ot-CiOO 

T— 1  I— 1  T— 1 

02  CO  CO  CO  00  CO  CO  CO  CO                 ^                      O  O       »0  i-O  O  O  lO 
^OOOOOOOOOOOOOOOOOOOOOOOOO 

"% 

-ilTf-tlC^t^il-*                                                  -i|.q,-.|(Mr5|Tr      '-i|-qi-i|(M;ciTr  -ii-^-hIimmw 
^Ot-OOOrHOi-iiM'^Hi-OOt^OO'-HOCMCO'T^iCt^OOCiOO 

1— (                                                                      1—1    T-l  T— i 

G<i  c^i  c^i  oi  c<i  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO         ^  ir: 

'^OOOOOOOOOOOOOOOOOOOOOOOOO 

'dOi-IG<10'O^OOt^OG050rHOrHCMC>t>':*HlOOL--GOCiOi— lO 

^OOOOOOOOOOOOOOOOOOOOOOOOC 

Hours. 

»0  O       CC  Ci  O  1—1       CO       iC:  CO       OO       O  rH  C^i            O  O  t>-  QC 
G^l  CM  CM  (M  <M  C<l  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  ^  'J*^       ^  ^       '^f  ^ 
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WAGES  TABLE.— Rate  per  Hour  in  Pence. 


CO 

O  CO          O  ?C      O  O  00      C5  O  CO  -,0      O  CO  ^0  Ci  O 
!»  !M  2<1  3^  CO  CO  CO  CO       -"f            »0  JO       lO  CO  O  O  QO 

■^oooooooooooooooooooooooo 

'6 
Ol 

.  rsi-v  -"»N-<|'»?'     ^:|■<t-H|(N-'W     rti-^H'M-'lTt*     m|t}"h|<n-'I-<}*     «l-vH'N-<|'<f  rci-vH'N-'l'^ 

XI'MOGOi—lrH'^t^t^OOCOCOCSrHCqiuOOOOrH^L^CiO'COCO 
rH  T— 1  J— 1  T— 1 

^  ^  ^  ^       ;M       C<J  CO  CO  CO  CO  CO       rj^            vC  )0  lO  JO  O  O  O 

<^oooooooooooooooooooooooo 

73 

.-fN        -^1(M        -')(^4        -(|c>l        -<|(r»        .H|<N        -()fM        .HUN                      rH|cq  -.KM 

'^(Miot^oocojOGOOrHcooQOi— i,-i-^ticoa5T-i!N'*t^aiO 

rH                            rH                            T-H  rH 

oi  O  O  O  O  rH  ,—1  rH  rH  rH  (M  <M  CVI  (>J  (M  CO  CO  CO  CO  CO  -H  ^  JO 

^.  oooooooooooooooooooooooo 

CI 

.  ->|t-— <KN?:irr     -ll•<}'-l|l^4^5|■<t      -•I'tHoi-'Ci'T     '-"Irj'H'NNI'r     -'I'lji-HOtrtiiTr  -"l-t-tiojMiTr 
"Oc^i^CDClr-irHCOOOOOOCOJOL-^CSO^M-rHOOrHi-lCOO 
T— 1                            rH  rH 

*-+<oooooooooooooooooooooooo 

d 

1-H                                  rH  1— 1 

coGOCOX»OOX)C:)C^C^C::C^C^OOOOOO'-Hi-H^HT-HrHj-^ 

^oooooooooooooooooooooooo 

.  rcw- i|(n-i|tj.      :c|Tr-<|rN-t|T:*      ^;i'^-«cv,-i|'<f      roiT-ii'N-ilTr      r^irr-i|'M-i|T      mitp  -'iTf 
X3  rH  00  JO       00  O  O  C^l  CO  lO       Ci  O  O            lO       Ci  rH  O  !M  -^H  O 

1-^                                         r-*  r-i 

X  I-                           CO       00  GO  C/D'  X  OO  n  OS  wi  Ci  C5       Ci  O  O  O  O 

rH  rH  r-l  rH 

^OOOOOOOOOOOOOOOOOOOOOOOO 

T3 

.  —I'M        —I'M        -i|(N        —lOt        —I'M        —I'M        —I'M        — rN        -<|04        —|(M        — |M  HfN 
•OrHCO-H'Ol-riOOrHCO'^Ol-C^OOrHCO^^Ot^CiOO 
rH                                               rH  rH 

^  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o 

•  -w— 'iiTT      -"|T}<-i'Mr;iTr      -iItpHim-^i-t      — Itt— l'M.'':i'<r      '-i|-<*<-<|<N.-:i^      — |rj(— |(M.-oit 
'O  ^  :M  ?0  »0  -O       OO  O  1— 1  O  r-i  CO  ^  lO       GO  Ci  O  r-l  r-l  ^1  10  -rf  o 
r-l  rH  T— 1  rH 

x>  JO  >0  lO  lO  10  lO  JO  JO  JO  CO  CO  CO  O       :0  -O  CO  ->0  CO  I-  I-  i--  I- 

^oooooooooooooooooooooooo 

rH  'M  TO         »0  CO         OD  C5  O  rH  O  rH  (M  CO  -rfi  >0  CO         O)         O  rH  O 
rH  rH  y—ir-i 

X       -H       -H            -H  -rtH       -T^i  'TfH  »iO  JO  lO  JO  JO  JO  JO  »0  jO  jO  jO  jO  CO 
^OOOOOOOOOOOOOOOOOOOOOOOO 

Hours. 

Ci  O  '-I  C^l  CO  '^i  JO  CO       GO  Ci  O  1— 1  S^l  CO       JO  CO       GO  as  O  rH 
'^lOJOiOJOJOiOJOJOJOiOCOCOCOCOCOCOCOCOCOCOt^t^t^ 
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WAGES  TABLE.— Rate  per  Hour  in  Pence. 


lb 

.  HowcwH'^Hw:)'*     -'|'*-i|<N«lt     <^|'<f-t|t>iy5l'<t     -ii'^jt-ii'NrciTt  -■iri'H'NfCw 
<M  CO       O  CO  C5  (M       O  50  T-H  ^       00  X  — 1  CO  O  lO  O  CO       G<1  O 

^  T— 1  rH 

ajOOOOT-(rH(M(MC>0C0C0^^»J0iCi:0<:0t>.l^l^XX^CiO 

r-l 

=4^0000  0  00000000000000000000 

S<l  Ot)  O  O  CO  00  rH  CO  i—f         O  (^l         O         O         QO  rH  <:0  rH         Ci  (T^ 
,  T— 1                             rH  T— 1  rH 

^  1 02  o  o  o  o  rH  T-i  G<i  (>i  >i  CO  to  ^     o  iO  o  o  <:r>     i--     X  X  C5 
p4?0000000  c  ooooooooooooooooo 

.  H-f -H<N«l'^<N-<|'?t        M|-lH<N-'l-^        .'5I'<T-I|0<-<|'^        r:|'<t-«N'-i|Tj-        WC»H'>»-')T  r^l'^H'N-'l''*' 

'^c^co-^0(^^t^l-^-:t^c^c^^OrH'*C5rHco^'*XT--lOT-l'^t•x^ 

t»  O  O  O  O  r-l  rH  rH        C<J  CO  C-O  CO        ^  »0        O  CO  :0                    X  X  CTi 

^OOOOOOOOOOOOOOOOOOOOOOOOO 

.                            ^Ic^  — i|fN  — i|(M       -H|C<       '-t|01       — H'N       -'KM       -HllN  — 'IC^  —•I'M 
'dC^CO'^^Cir-ICOOOOt^O'^S^rHCOOCOb-O'^Clr-lCOOCOt^ 
rH                                              rH  rH 

^ooooooooooooooooooooooooo 

-il'rjt -.lOjciiTf     'H|Tf-i|'N':iTf     -Hixf-tie^rtlT     -^i-^-iifN?:!-^     — iTti-^|'?i:'5i-<r 

(M  CO  'tH  X  O  lO  C:  rH  O  O  CM  CO  O  CO         rH  CO  X  O  -H  X  T-H  IC  rH 
T—iT-tr-i 

DO  O  O  O  O  ^  rH  rH       ^1  (M  to  CO  CO            ^  »0  )C       -^O       I-  X 
^OOOOOOOOOOOOOOOOOOOOOOOOO 

'OiMtO'^XO'^XO'^XO-^XO^XO-lHXO'+XO'i^X 

!»  O  O  O  O  rH  rH  rH  C^l  ^1  C^l  CO  CO  CO  "rt^  -t^  ^  I':  I'i  'O         '-^         I-  I-  I- 

^  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  o  o  o 

CO 

.  r:i-*.-ciTr.-ci-<t-'|(>4-'|-*|     ftl-* -irM-^lrf*     ^:|->t-'|(^^-||rr     ^:i'<tHc^-'i'<ti     .-oiTf -.lr^^-^|^  :ci^_,r^_,|^ 
T3  tH  ^  CO       rH  CO  CO  O  CM  CO  w5  1— 1  lO  ^  O  ^  X  O  CO       rH  CO  CO  O  ^1 

cc  O  O  O  O  O  rH  T-H  T-H  C^"^  CT":  (M  co  CO  CO  -H  -tH       O  O  10  iO  CO  w  -o 

'=+1000000000000000000000  oooo 

CO 

.  rClT-'|C<l  HfN       — IC^       H'M       ^\'>i        -I'M        H(N       H(N       -<l©«       -i|(N       -hI'N       HC-i  -ir.M 

T3rHCvlCOl>'0(MiOa50'+it^rH(MCOa5i— l-^HXrHCOCOOr^O  X 
rH                                        rH                                        r-t  r-l 

cc  O  O  O  O  O  »—l  rH  rH  (M  CM  >4  CM  CO  CO  CO  "^-^  ^            »0  »0       CO  '-O 
c+?OO0OOOOOOOOO0OOOOOC;OOOO0O 

-6 

<^ 
CO 

•  Hc<»-"|'*-i|TT<-ii'>4.ni-q<     -,j^_,|,^,roiTt     -i|'«-r-|^iroi-5'     _|^.h|o^?5|ti-      -<|-.jt-|'My:i-(r     -<\rt  -KNTCi- 
^1— i<MC0C0airH'^^l>.O3^'|it0Xr-c0Xa5O'rHt>-O'-H>0XrH'M 

M  O  O  O  O  O  rH  ,—1  rH  -H  CM  (M  (C<l  CM  CO  CO  CO       ^  '^i       lO  ».0  ifO  »0  CO 

*-4^0000C;00000000000000000000 

Hours. 

H'M^:|T^rH  CM  CO  ^  O  CO       X       O  t— i  C>cj  CO  ^  O  c->       X       O  t-j  C<|  CO 

T-Hr-lT-lrHrHrHrHrHrHr-IC^lCM'M'M 
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WAGES  TABLE.— Rate  per  Hour  in  Pence. 


LO 

~'\^'^xfin\yt     '-'|Tt<-i|'Mr:ii-     -<|'<f-i|<Mr^i-*     ^|-*-tlc^r:|T*     -HirfHCirtl-^r  -"ifHc-t^li* 
'3:Oj-H^c:>cOQOT-HOOOOcooc^ii^OO^H^a:)coooT-H<:c>o 

^OOOOOOOOOOOOOOOOOOOOOOr-^rH,-H 

lO 

■^'oiOOCOGOrHCOrH^CiCMt^OlOOCOQOrHCOi— l«*C5(Mt^O 
rH  T— 1  1— 1  T— 1 

ccOOOr-JrH(^Tc<ic<icocO'^'rHir5ioi-Occ>':ot-.t^b-Qoa)OCiO 
•-+?oooooooooooooooooooooooo^ 

fOiTt-H|<N'-<l'^     cci-<tMi(N-'|Tf     ec|T}<-i|(M-i|T)*     ccKHtN-il-^     «|Tf— -"1-^  -<ic>.-<|^ 
'^COOCOQOT-HiOOCOGOOiOOCOt-OiOOtMt-Oi^tCltMt^O 
1— i                            rH                            1—1  rH 

X        O  O  O  rH  rH  i-H  (^^  (>1  CO  CO  CO  ^+1              l  O  O  O  O                    GO  00  Oi 

^ooooooooooooooooooooooooo 

H<N       -<KN                     HfN       'H|(N       -i|(N       HC^                                                — HC^ 

'^O'+CiT-HOOOOt^O^OSr- iC0OC0t^O^55i— iCDOCOt^O 

rH                                               tH  rH 
»OC^CiOOOrHrH(>1C^C<IC0C0C0'rH'4^OlCOCD':£)C0b-t--a0 

^ooooooooooooooooooooooooo 

rS 

'H|Tr-i|'>4r:i-}<      r^l-ir-HiiMr^iTr      rH|TfH-H|c^r3irr      -||Tf-H'^4:^w      -ilTj^Hc^r^l-n-  '-«|Tr-i|'N«lTp 
T5OOCVlOrHC0t^rH'*G0O^C:>rHlCC:(MC0O<Ml^rHC0L--O 

CO  aO  (X)  Ci  O  Ci  O  O  O  ^  rH  CM       (M  CO  CO  CO            'ti  »C  lO  i-O  CO  O  t- 

^OOOOOOOOOOOOOOOOOOOOOOOOO 

'^0'+lCOO'«+iQOO-^COO-rHCOO'?*^000'^OOOrtHQOO'*QOO 

cocccooooosciOOOrHT— lr^<^q(^^(^^cococO'!^^'<tl'rHlOlOl^:^o 
^ooooooooooooooooooooooooo 

CO 

.      «lTrH'N-'l'<r     rci-^H'N-^l'^     M|-<t-ic>4-H|^     n|T}<-ii(N- ••|t}<     r:|Tt-i|(N'Hiij«  rsl-^Hoi-'l-* 

'C^orHioasO'^QOOcot^rHcoooo^oasTHioaso^Qoo 

rH  tH 

cBr>.t>.COCOQOa5C5CiOOOOi— lT--lrHC^1G<lCC|C0C0C0"^-*-+iO 
tHtHi— irH,— IrHrHi— IrHrHTHrHir-li— IrHrHrH 

^OOOOOOOOOOOOOOOOOOOOOOOOO 

CO 

""XN       ,-,|<M                                                -<i(N                     ^|(N       ^|fN       --1104  -tlC^ 

'^Ocorr^OO^iocJiO^t^T-.'O^coosrH^QOrHCOOOiHicaoo 

-H                                                                               tH  1 
CCl>t^r>.r>.GOQOQOa5C5C:ia:iOOOTHrHrHrHC<|(M(MCOCiOCO'^ 

^ooooooooooooooooooooooooo 

CO 

•      -'I'fHfNWiT      -^l-q-HiNMi-'l'      '"i-f-ilfN.'OiT      -H|TrHi>J?^l'^      -i|Tt-i|(>r:|-^  -•l-w-H'Mrt!-* 

'^CDOiOcot^Oi— i-*oOi— l<^^i-OC:oco<x>OrHT^•t^rHc^^loooo 

T— 1                     rH                                        rH  ,— 1 
!Bfr)iOt-l>-t>t-OOaOCOQOCiC:OOOOOrHrHrHr-Jr»G^>(MCO 

"^OOOOOOOOOOOOOOOOOOOOOOOOO 

Hours. 

-t^  O  O       QO  C;  O  i-<  C<l  CO       O  O       CO        O  --^  C<1  CO        10  -O  QO 

(^^  <^^  (^^  (>j  G^i      CO  CO  CO  CO  CO  ot)  CO  CO  CO  CO  -ti  "-ti         'TfH  -fi 
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WAGES  TABLE  — Rate  per  Hour  in  Pence. 


h 

. -"iTf-^ioa^riTt     --i|-^-i|(?»r:l'<J'     -Hc^fi-ilMXl-*     -h|^-h|(>)?5I-*     .-i|Tf-<i'Nfc|-<T  H'<t-ii'M::i^ 

T-l                                      rH  T— 1 

T-l  T-l  rH  rH 

'^THrHT— IrHrHT— It— <THT-lrHT— It— ItHi— It— 1,— It— IrHi— li— It— It— IrHrH 

in 

7fiooot(X)T-HCOT--!-^aic^i^oiooo^coi— i<X)T-i'!tiC5c<ii--o 

T— 1                            rH                                        T-l  rH 

CO  O  O  rH  T-l  C<1       C<1  CO  O'^  ^       >0  lO  i-O  O  O                GO  GO  Ci  c;  o 

rH 

.                              .■^l'T-<l<N-i|'^  ^^l-^— ijCM-ilTf        rQ|-<T-i|'74-t|'<3'        rO|Tr-<lfN-i|f  CClrf-lC^'Hl'* 
'^^OSMt^rH-^iHai(MCC>TH-^a5rH<X>T-<'^J^GOi— iCOrHCOGOrHCD 
r-{                            r-i                            1—^  r-i 

MCtCTiOOOi— IrHC^CqC^ICOCO^'^-rHiOOCOOOt^t^OOOO 

rH  r— 1 

■^OOt— It— IrHT— It— It— lrH^l-^T— It— IrHrHrHT— iT-lT-JrHrHT— Ir-^rH 

.  -HICM        -l|(N        -'IfN                       -"ICN        '-illN        'HlfN        -i|C^                      ^icvj        rH|c^  -iicvj 
'C^CiTHCDOCOt-O^CrSrHCOOCOl-O'^aSrHOOCCl'-O 
rH                                              rH  tH 

tBOOGO>riCiC:OOT-lrH,— l(^^C<^G^^C0C0'*^TH»OlOlOlw':r:t-- 
T— 1  rH  rH  rH  rH 

. -ijTT-il'NWI^       -iW-i|.>j:Ci^      rH|TJ<-^|(;^^^c|T}•      -ilT}<-.|(M~:iTf  ^i^^)^-.,,^ 
'^^GOOOCIt— lOOCvlOOCOt^T-HCCGOO^OOT-ii-OCirHO 
T— 1  T— 1  rH 

02       l:^  CO  CO  QO  O  OS  Ci  O  O  O  l-^  1— 1  T— 1  (>1  C<1  CO  CO  CO            -^i^  O  lO 

rHi— IrHT— It— It— li— It— 1 
^OOOOOOOOt— I^T— It— IrHrHrHT— IrHi— Ir-i'i— It^tHtHt— 1 

'C'-HXO-HCOO-^COO'tHOOO^oOO'^COO'^GOO^GOO 
tB  CO  CT)  J I-  I-       GO  GO  O  CI  Oi  O  O  O  T—l  T—l  rH  O-l       (M  CO  CO  CO  -tH 

CO 

.                                         ."C|T^^^^^-||■^      r5lTi—ii(N-H|Tti      r:it-i|<N-'|-^  .m-g—il'N-'l-f 
■^COb-i-HCOOOC^^OC^i— i>OCiO^GOOCOt^rHCOOO<MO 
rH  ,— 1  T— i 

Mi/OiCiC:OCOCOt-l--I^GOGOGOCia;CiOOOOi— irHTHC^Cq 

T— li— It— 1,— ItHt— IrHT— IrHT— IrHrHrHT— It— 1 
'^OOOOOOOOOOOOOOOrHT-lT— IrHT-lT-HT— It— IrH 

^ 
CO 

.                —(I'M        H(N        -HIOJ  — i|C^4        -H|0<        T-ilC-l        H<M        '-^I'M                      '^lOa  — 'I'M 

73co^-oc<^lOc^OT^^l:^^^(^^coc^.  rH'rhtcorHcocr^OT— 

a3^'?^i^OOiCC0(X>^Ot^t^t^G0C0C000C5C5C;OOO^ 
^OOOOOOOOOOOOOOOOOOOOrH^^rH 

'6 
CO 

-H|Tji^ic^,r:irr      -iItpH'mcoit)-      -H|-r«H'Mcoi-<r      -•w-^I'M'Ci-^  -iItj— <|c^r:iTr 
'OCOOCirH^t^OC<JlOGOT-IOOOCiO-<^t^OrHlOQOrH(>lO 
1— 1                     rH  T—ij—i 

osCOCOCO-^-^-h'^iOiCi-OiOCOCOCT't-t^t^t-QOOOQOQOCiCn 

T— <rHrHrHT— It— IrHrHT—lrHT—lrHrHTHT—lrHrHi—lrHT— It— It— IrHi—l 

^OOOOOOOOOOOOOOOOOOOOOOOO 

Hours. 

OO'-H(>q00'rHiCCCl:--G0CiOT— i(>IC0-HiC;C£>t--00C;O'— IC<1 
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WAGES  TABLE.— Rate  per  Hour  in  Pence. 


;^ 

.  Ml■^^H'^^-•^^^      H«N                Hoj                 H(N      HiN                H*?*      H(N      -fN  HIN 
T-H                                            rH  I— 1 

cc  O  O  O  --I  r-H  '>!             irt  »<::      <:c  i:^  GO  CO  C5  o  O  r-i  1— 1  CM  CO  CO 
^ooooooooooooooooooooooooo 

.  -Hic^^|Tti'H|Tt-t|'Nr5|-<t      -•|'»j'-t|&irci'<t      -il-t^-^M^jiTr      -<|'<tH<N«l"«"      '-<|Tt<H©<«t'*  -<iTr-iicv«l^ 
"OcOiOl^CMClOOt-CMOtt^Ot^COOiCOQOCOOlOi— lOOCOO 
T-H  T— 1                          r-(  1— I 

TiOOOl— ti— ((MCOCO^ti-i^iOCO^^t^t^ODCiCiOOrHCqC^ICOCO 

i-H  rH  rH  rH  rH  T—l  I— 1 

^ooooooooooocooooooooooooo 

I-  ■^l             <:o  1-H  QO  CO  O  o  o      ^          rH      rH  <x  CO  O  o 

■/.  O  O  O  i-J  rH  C^i  C^i  Ct  -rt^        O       CO             'X'  cX'  C:  C;  O  rH  rH  C^l  C^J  CO 

^oo  ooooooooooooooooooooooo 

CO 

.-•l-T     r;l-<t-H|fN'-'iTf     r5|Tr-H|(M-iiTj<     «l-<rH(N'^l'^     MiTf-cioi-il,}.     roiTt-ni'N-'l^  rtl-^H'N-^l'* 
T3cC)!0<:OrHXCOC5^rHOOt-CMCiCOOlOOCOTHXCOa5-«!frH 
rH                                      rH  rH 

coOOOTHrH(M(MCOCO-rHiOKOcr^Dt^l:^XC:dOOrH,— iG<^C<J 

tH  rH  1— 1  1— 1  rH  rH 

^OOOOOOOOOOOOOCOOOOOOOOOOO 

CO 

.  -"iTfrlirr-tl'M        H?^                      -h|C^        -i|fN        -h|<M        -h|(M        — -t|(>»  HCvt 
"0  CO  ^  O  rH  I—  Ol  X  CO  C:  ^  O  IC  rH  O  O         rH  X  <M  C5  CO  O  'tl  rH 

X  O'  O  O'  --H  rH  C^l  (M  CO  CO  ^         10  lO         I-         X  X  C:         O  O  r-4  rH  (TQ 

•-+^0000000000000000000000000 

t" 
CO 

-.|fN-'|■<t-'l'N^:l■^     '-H|Tf-H|'Nro|Tt     '-'|,r^|^M|Tr     -i|T}<-i|(Nr^|-<t  -hIti— fi'NrJi-*  '-'|->i-H(Nco|-<t 

CO  'iH  O  O  CO  rH         rH         (M  X  (M  X  CO  Oi  CO  O;         O         O         rH  lO  rH 

rH        r-i  T-i 

xOCOrHrH(MCMCOO'2-<*'^lOlOCr>i:Ol:^l:^XXdC:OOrHrH 

T-^  ^  r-^  r-^ 

^OOOOOOOOOOOOOOOOOOOOOOOOO 

6 

'0  CO  hTcO  OCDOCOOCCOCOOwOOOCOOOOCDOCOOCO 

CcOOOrHrHOlO^OOCO'rH'^lClOCOCOt^t^XXCSCiOOrHrH 

rH  rH  rH  rH 

•4?0000000000000000000000000 

lO 

3? 

10 

.  ^::T-||TJ<^^l■i•-H|'M-||'*|     Ml-^-ilfN-ilTj"            i|<>»-i|'*     ?:l'*-H|iN-<l'>t     r:l'>t-<|<N'^|'<t  ^:l'<^'-lK^^'-<lt 

C^l          JO  rH  lO  rH         O  -Tt^  O  CO  C;  CO  0^  CVJ  X  <M  X  rH          rH          O  CO  O 
r-^          r-^          7—^  T-H 

CcOOOOrHrHCMC^ICOCO-^^lOlOCOCOt^t-XXClC^OOrH 

tH  j-\  rH 

^•■4^0000000000000000000000000 

.rilT       -^ICN                     -i|fM       HIM       "-"IfN       H<N       -^KN       '-'IC'J                     -«)c^       ^|^^^  ^icn 
'C'C^l^iOrH^OCOOCqXrHt-OCOrHiOO'^OSCOXCNt^rHCO 
rH        rH                                                 rH  rH 

!»OOOOrHrHC<l<MCOCO'!fH-^xOiO»OCOCOl:^l:^XXCiCiOO 

rH  rH 

^OOOOOOOOOOOOOOOOOOOOOOOOO 

Hours. 

-Hlc^lrf— H  (MC0"^O':0l.^XC:OrHCMC0^>jr:':0l:^XC:OrH!MC0 

II 


WAGES  TABLE.— Rate  per  Hour  in  Pence. 


?- 

-H|fN                '-<|'^^      -'I'M               -"I'M      H<>«      -'!'m      -'I'M      -"'N      Him  '-'I'N 

'Coi^ccoOi— la5'T^(Ol•^'^•oo^Or-la5^0l:■-^•t)OOr-^ci'^0 

1—1  I— I 

rHi— 11— IrHi-HrHr— It— (  rH 
^^OOOOOOOOrHrHrHrHT-HrHrHr-li-MrHi— li— IrHrHT-trH,— ( 

-d 

F- 

-"l-t-ilfMrtl-^r     -HiTj^HtNcol-ii"     "^iTfH'NWl"*'     -i|t}-H'N«I'*     -'lTH'Nr5|-«t  -•l'<}'-i|<N«trr 

T— 1  1— 1                                        T-l  l-H 

1— Ir-H,— 1,— Ir-iT—  T-HrHrHT— 1 
^OOOOOOOOOOfHt— li— li-HrHi— (rHi— IrHrHrHi— (i— li— IrH 

"^Ot^cNCS^r— icOt— iQOJOO»OOi:^G<iC:''^r-i<:Oi— loocoooo 

T-H  1— 1  T— 1  r-( 

03  ^  '-^  lO        CO  O        GO  GO  Oi  CV'  O  rH  -H  C^l  C>T  J.t              »C  lO        O  QC 
r-11— li— <rHT— It— 11— It— li— li— 1^ 

"^OOOOOOOOOOOrHrHrH,— li— It— Ii—ItHi— Ir-irH,— 1,— (rH 

CO 

p:|t}'-i|(>4'-<|'*     foi'<5-H|'>» -it     e«3iTr-t|(NrH|Tr  mi-t- ||'^'^|■^     .•oi-<t-ikn'-'|t}i  mithc^-'It 
T3cDOl-^C^lC^C0Oi^OOi-<G0C0Ci'+iT-HC0Ot--04a5  0':)OiOO 

73  CO  ^  -t^  IC  lO  CO  CO        C/D  GO  Oi  Ci  O  O  rH  rH  C^l  CO  CO  '^t^        »C  »0  O 
1— It— li— 1,— li— li— It— It— li— It— li— ItH 

■^OOOOOOOOOOOOr-lT-HT-Hi-lrHrHrHrHr-li-lrHT-HrH 

h 

H(N      Him      H^n      -ijtN      Hc^                          -'I'^J                H(N  — 'Icn  H<n 
•■COCOrHl^C^OOCOOS^OOTHCOOt^i— IQOCqOSCOO^rHlCO 
I— 1  1— 1                                                     rH  T— 1 

CO  CO  00                    O  CO  CO              GO  00        O  O  rH  rH        C<1  CO  CO'  "^^H  '^hi  IC  O 
^OOOOOOOOOOOOOrHrHT-Hi— It-It-^tHtH,— IrHi— IrH 

cb 

-ilT— 'Ic^row      -^iTj-HitNMiTT      -i|T-<l'>4:ci'T      -il-f-ijc^Mi-rr  'H|ci— ^ojrjiTT  -Hirr— iICm^oit 
CO  O  CO  O        rH        tH  GO  (M  OO  CM  Ci  CO  C:'  CO  O        O  -rtl  1—1  liO  1—1  O 

rH         1—1         1—1  ^ 

c»  (M  CO  CO  ^         lo  CO  CO  t:^     CO  <X)  Oi     o  o  rH  rH         CO  CO  o 

1— li— IrHrHrHi— IrHi— IrHrHi— It— li— IrHrH 
^OOOOOOOOOOOOOOOr-HrHrHrHrHi-HrHrHi-lrH 

'6 
CO 

TSOCOOCOOCOOCOOCOOCOOCOOCOOCOOCOOCCOCOO 
02  G<^        CO  CO  'J^^              lO  CO  CO              GO  GO  C:i  Ci  O  O  rH  rH  CQ  (>l  OO  CO  -<tl 
C+iOOOOOOOOOOOOOOOO^i^^rH^rH^rH^ 

LO 

r:|-*-H|(>4-l|T5.                                          f^|^_|l^_|^         fCI-^-HlCM-IlT)'         Ml-T-HlO^ -"iTf  r^lTj—llC^-llT 

"OCOt— llOrHXCO'^O-rHCSCOCiCOGOCvJOOfMl-^rHl-^rHOOCOO 
1— 1  1— 1         rH  1—1 

tc  1-1  1— 1  Gvl        CO  CO  -rj^       iC        CO  CO             GO  CO  Ci  CI  O  O  l-^  ^       C<)  OO 

^IC^        -Hltx                                    -H|C^        H(N        -^IfM        HiN         ^\f^i                      _(|cv4  ^1^, 

'^3  O  lO  1—1  ^  O  CO  Ci  CM  00  1—1       O  CO  rH  lO  O            CO  QO  CM       T—i  CO  O 

1— 1         rH                                                        ^  T—{ 

^rHi-lrHtMCMCOCO^-rHiOOCOCOCOt^t-GCGOOCnOOi— 'riG^l 
rHi— IrHi— li— IrHrHi— li— ItHi— IrHi— It— li— IrHi— IrHrHi— ( 

-^OOOOOOOOOOOOOOOOOOOOi-ii-irHrHr-i 

U) 
iL 
3 
O 

ic  o  I-  00  a:^  o  rH  CM  CO  'Tf^  lO  CO     GO  Ci  o  rH  (M  CO  ^  o  CO  t—  oo 

(M  <M  C^J  (M  (M       CO  CO  OO  CO  CO  CO  CO  OO  CO  CO  T*-'             ^  -r^l  ^  ^  'tH  ^ 

12 


WAGES  TABLE.— Rate  per  Hour  in  Pence. 


.               -i|04       -<|fM       H'N                     -«N       -i|(N                                  HTJ  -"I'M 

'Cl^CCO:OrHCi'*Ol^COOCOT-ia5'*Ob-COO<:Ci— ic:-^o 

1— 1                                                  T-H  rH 
O  rH  T-H  C^l  JO  CO         O  lO  O  CO         CC  <X)  Ci  O  O  1-H  rH  lO 

. -.i^-tlfN^Jl-T       -<|-<i*-i|CMrt|Tl«       'H|t}<-h|'N«I"<}.        -,|^^|5^^3|^       ^|^_l,;^r:iTr  -ilrt^-I^^IXI-T 

T3t^(Naii0Ot^C<»O>0Ot^?0OOOQ0C0OOT-iQ0'r0OO 

1— 1  T— 1  T— 1  I— I 

C^l  O            CO  i-H  C/D  CO  O  O  O       C<1                 O  1— 1  C30  CO  ^  O  O 
a200CiOOOT-lC<}CMCOCO^»OOOCOb-l^COcrir:iOOi— 'C<< 

CO 

•  cciTtH'N-'l"^     fOKfH(M-<|T}<                        cc|ti-h|(n-"|t}<     mlTt-.KM-il'^  rtl-»rH'M~'l'<t 
'dCDi-HOOCOO-^T— lCOOt^C^CiCOOiOOC£>T— IQOCOOrfrHCO 

T— I  1— 1  T— 1 

y^lr^OOOOCiCSOOi— iCvjC^COCO^-rJ^iCOtOlr^h-GOOOCiOtiO 
C+^^rHrHi-HrHi-HrHrHrHrHrHT-HrHrHT-Hi-Hi-HTHi-HrHrHrHT—IC^J 

CO 

.               -H|<N                     -iKN       -<IOj       -H|C^       Hil^       -^lOl       -HIOJ       -ilOJ       HOJ  -«N 

'CcCT—iL^C<)GOCOC5-«d^Oi-Or-iCOOt:^T— ico<Mr:coo-*r^ioo 

T-H             1—1                                                                             ^  ^ 

ccCOt^t^COCOCiCiOOrH,— iCqcOCO^-^OiCCDCOt-l^QOOS 
7— It— It— It— It— IrHi— IrHrHrHT— IrHrHrHrHi— 1 

q^T— ItHi— It— It— li— IrHi— li— IrHi— It— IrHrHT— IrHr— It— Ir-lrHT-Hi-Hi— ItH 

CD 

.  _^|^^l^?5l,t      'HlrtiHojrcl-^      -H|^H(N??w      '-<|Tf-i|-r).-o|Tr      '-lWH(^l^Ol•<t  -H|-^-H|f>.MiTr 
CO  O  O  T— 1  l-^  T— 1       G^l  CO  'C^  OO  CO       CO  CTi  --H  O       O  KO  T— 1  i  C  i-i  CO 

75  >C  CO  CO            GO  GO  C;  'Ci  O  O  T— 1  T— 1  CM  (M       CO            i-O  >C  CO  CO 

'6 
CD 

'dcoocoocoocoooocoocoocoocoocoocoocoo 

cr:       lO  i-!0  CO  CO            X)  CO  C;       O  O  r-l  ^  Cv|  CM  CO  CO            10  CO 

ID 

.  r:l-<t-i|C'j-i|'«)<      M|Ti--i|':j'-'|TiH      fOlTtH'M-'l'^      r^lTf-i'M-'I't      r^l-^H'^-'l'^  .^Ir— 'l'N-<i'<t 
x;iOt— liOrH^O'd^OCOO^COCi(MCX)<MQOT— lL--T-^l^OCOOCO 
T-l         r-i  T— 1  7— 1 

cc  CO  CO  "Ti^       O  lO  CO  CO            CO  00  O       O  O  T— 1  T— 1  C>1  CM  CO  CO 

.  -illN                                    '^l'>>        '-*I<M        H<N        -^l<N        "^lO"        -^IfN  H<M 

XliOi-l'^OCOCiCMGOi-lt^OCOT— lOO-^ClCOCOCqi^i— ICOO 

T— 1             T-^                                                                             T-<  T— 1 

aj  C<1  C<I  CO  OO       -tH  ^^0  1^  CO  CO  l>.  I--,       CO  CO  Ci  CTi  O  O  T— 1  T-l  C<)  C<3  CO 

T— t  T— 1    ^    ^  T— 1  T— 1  1— 1 

Hours. 

c:  o  T—i  c<i  CO     10.  CO     GO     o  --^  <M  CO  -H  lo  CO     CO     o  rH  c<i 
1(0  xo  lo  1-c  lo  ic  lo  ir:  lO  o  CO  CO  CO  CO  CO  CO  CO  CO  !ri  CO  L--. 

13 


WAGES  TABLE.— Kate  per  Hour  in  Pence. 


15 
0) 

.       -l'<rr;l'<j-'KN-4|rt<     rc|-*H<N-'lT}'     «iTt--ii(M-^i-<j<     .-ci'-tHc^-'l'*     M|-*H'N-i|-^  MltHcH"* 
rH                          T-l  1—' 
»OOOi-HC^lCO'>!jH'*xOOI:^GOQ0050rHC^COCO'^iO<X'l:^t^OO 

^OOOOOOOOOOOOOOOOOOOOOOOOO 

'6 
O) 

.Ml-*     H'><     -iliN     H(N     "(•N     H<N     HOI     HfN     -i|(N     -i|<><     H<N  H(N 

1— (  T— 1  T— 1  rH 
xOOOi-HC^COCO'^J-0'^L-^t^QOC50i--ir-iC^CO'*OiOOt^cC 

^OOOOOOOOOOOOOOOOOOOOOOOOO 

'% 
0) 

.  ^IfNMiTT-H'^  -.K>.M|Tti       -ilTtHCMlTj"       '-»)ij.-i|fMCCh*       -'l'vHC>l?0|-*       '"^"^  -HCNWItT  --^iTl^^lC^PSlTf 
rH                    rH  i— 1  t— 1 
oaOOOrHC^COCO^i-OCDOIr^GOCiOOrHOaCOCO^iOCOCOl^ 

<^ooooooooooooooooooooooooo 

CD 

TJ-^COcrsC^COOCi^OCvtiOCiCOCOOCiCOCOOClOCOOCiCOCO 

ccOOOrHC^I!:OOO^iOCOCOl^QOOCiOrHC<J(>1?0-*iOiOCDb- 

rHrHrHi-HrHr— It— IrHrHrH 

^OOOOOOOOOOOOOOOOOOOOOOOOO 

'6 
CO 

.         -i|(>KO|-*-<l(N'^|--i<       rQI-^-HlC^-HlTT        rJlTt-Hl'M'-'l-^        CCW-i|(N-<|-<i«  PI|-<1— i|(N-<|-.Jt  MI-^-tlfN-'I'f 
T3-«^<X>OOxOCN.-<l^'^rHO^C>COOCiiOGvjrHQO'^rHOt^COOa5 
i-<                       r-\                                           rH  T-H 

coOOOrHC<lCNCO'*OiOOt^OOQOClOOT-iriOOCO'*»OCOCD 

rHrHrHr-trHr-HrHrHT— It— 1 

^OOOOOOOOOOOOOOOOOOOOOOOOO 

% 
00 

•  H-^'-'I-^Hm     -^fN     'Hic^     H(N     '^I'N     Hc^               Him     -irN     -i|(n     H<n  H<n 
TS^COGOJOrHOCDCOi— lQOr^r-lCiCO<MT-iL-'«+*OCiO(MO«:^CO 

rH                r-l                                           rH  T— 1 

o^ooOrHC^(^^cO'^'^oob'^:^QOCic:>Or-HC•^c^co-*'^^^iCco 
^ooooooooooooooooooooooooo 

00 

'H|(N??l"<r     -i|TtH<N.-oK     'Hj.^He^-"^!"*     -t|'<»<-'io*f^l'*     -i|Tf-Hic<?3l'<i'  -^|'<tHc«»5|-<r 

'^'"^COGO^OCilOrHCiCOOjOOCOrHt^COOaO-'^-OaiJiOrHCi 
rH  T— 1 

a)OOOrH3<lC^CO'^TjHiO^OCOb-COGOOOrHi— iC<J(X)CC"^»OiC 

rHT— Ir-irHT— IrHrHT— It— 1 

■^ooooooooooooooooooooooooo 

'6 
00 

tnOOOrH(7^C>jCOr^'?H>OCO<OI>.GOQOC:OOrHC^C^CO'^fi-*>r: 

•^ooooooooooooooooooooooooo 

13 

.  M|TfCOi-^|Tr-H|<N-'l'<<       CCItHC^-'I-*'       fOf^fH<>4'-'l'^       «ITrH!N-<lr}H       CCI-'t'HltN-.l^  COl-^-llCT-HlOJ 

x5co»ot--cOrHi>.c<io<x>c<ia5iOrHai'^OQO'?jHT-ii:^(:orHco<NO 

T-i              r-(                                                             rH              rH  tH 
!»OOOr-^rH0qC0C0'«tli0i0C£)l:^l--(X>0:i0:)OOi— ICCIC^CO-^'^ 

«^ooooooooooooooooooooooooo 

Hours. 

-c|<N:Oj-«trH  (MCO'*lC<Xlb-Q0050rHCV|CC'*»O^Ot^QOC50rH(MCO 

2 
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WAGES  TABLE  —Hate  per  Hour  in  Pence. 


T3 

0) 

fOlTf-H|iM'-<|'*<       ?5l-<f-(|0<'^l'*       CCl'^H'N-'l-^       Ml-^-HlCl-ilTj*                i|Ol-H|rf  Ml-^H'N-'I-* 

XJ  O  CO  rH  rH  Ci  CO       CM  O  Ci       >0  CO  O  O  OO  O  CO  T-(  1—1  C5  <X>  o 

T— 1                                                                      rH  T— 1 

(nOSOi-HrHOqCO'rHiOOCOb-QOCiOOrHCvlCO'^^iCCOb-QOai 

-hKM        -.kN        -"IOJ                                  '"I^       -"ttN        -il-N       "HllM       H<M  -'KN 

1— 1  T— 1  T— 1  7— 1 

CBC:>O^OT-lC<lC<JCOHHiOCOOt^GOCtOOi— iC^JCO'+i'^OCOt^QO 
^OOrHrHrHrHT— IrHrHi— IrHrHrHrHrHrHrHr— li— IrHT-HrHrHr-HrH 

<^ 
03 

-cK-ic^eolTf      '-'|Tt<-t|fNcclt      -HlTf-HKMrslT}-      _(|-.t'-<l<M.-c|i"      '-'|-^-i|'>«'5lt  ^l-^Hc^^ow 
TSCOCOOOlt^-^rHOOOiOC^r-iCiCDCOOOt^-rHT-lT-lOOiOC^JO 

a3QOC:OOrH(:<JCOCO'*'iOcriOt^OOCiOOi--lCMCOCO'<!tiiOOb- 
1—lrH  T— IrHrHi— !r-lT-li— IrHi— IrH 

03 

TJOClOCOOCiCTiCOOCiCOCOOOCOCOOCiCDCOOOOCOO 
roCOQOCiOT— li— iC<iOO^'«^iCOb-l^QOaiOOrHC<lCOCO'*»OCC 

rHr-HrH  r-lrHi— Ir— It— Ii—It— It— li— 1 

-d 

MlTr-i|(N-<l-^     coi-n-HiM-'l"^     tciTf-tt^N-^ln  mItj— ikn-hi^     :,:|^^|(^_,|^  ~5l^_rt,^^^l^ 
XSCDCV|,-HGOiOi— lOt--^OC5COCOT-lGOiOCMOt^'«!fr-ICiCOCOO 

T— 1                       rH  T— 1  I— 1 

mt^GOOOCiOT— IrHC^lOO'^'^iOCDOt^QOaiCfiOT-lCMC^CO'^iO 
1— It— ^l— It— 1  7— IrHi— li— It— li— It— 1 

;^ 

»Ht«v|       ^I'M       H<N       HC^       -<I<N       -*N       -^llN       -i|<M                     -hIiM  -H|(ri 

TSOQOIOt-iOCOOOt— lOO"**!!— lC5COC<li— It^'^OCSiOC^JOt^COO 
T-l  T— 1                                        rH  rH 

Kt^b-Q0C5OOT-li— lCqcO'r^'«^iOC£><X>t^OOCiOOrH,— iC^lCO'rJ^ 

00 

^[■^-iKNroi-t      -•I'.r-^I'MMlT     '-'lTrH<N«|Tt      -HiTti-ilcviMi-*  -i|,5<-H|(Nroi^ 
-CCOcMOCOCOi— it^C0O00'«i^OOiOT— lO;>C£)(MO'X>COi— it^COO 

ojCOt-t^OOCiClOrHCMCMCO'^Tt^OCOCOt^OOGOaiOOrHcTCjCO 

rHT-Hi-HrHT— li— 1  i— ItH,— IrH,— 1 

00 

'dO00^O00'^O00'«!hlOQ0'rjHOQ0'rHOQ0'*OQ0^O00^O 

c«COC£)t^QOQOaiOOrHC<l<MOOriH"^u:5CO;C  t^GOGOCiOOT— l<M 
^tHt— IrHrHrH  rHTHrHrH 

Ml-t-'ioj-^l-*     P3|Tf-tKN-i|-rf     ro|T}<-i|(N-H|T}<     rsi'tHot'-'l-^  r:l'*-«ic>'H|xf 

'riCOrHai»OrHGO'<^OGOCOT-Ml:^COOOCMOlOT— IC51COGO'«*<0 

c«iOCC><:Ot~-QOOOO:»OOi-HTHCMCOCO'^iOiOC£)t^lr-QOC5a;OT-l 

IhoupsJ 

-^fiOOt^QOCiOrHCMCO^vCOt^OOCiOrHG^ICO^iOCOl-GO 
C^l(^lC<lC4GMCMCOCOCOC0O0COCOCOCOCO'r*^'*Tji'?tl'^'*'^'*'rh 

15 


WAGES  TABLE. —Rate  per  Hour  in  Pence. 


4 

0) 

.  rt|-<t-H|(N'-'|'^       fO|-<t-^l(M-<|Tt<       C0|t1>H<M-'I'*       M|'<tH<N'-^|-*       eOlrf-qW'^lTt*  «i|-«t— ffN-HlTf 

C!Ot-iO(X)OOQOOCO-^rHO:>t£>T*HC^OCil:^»OCOOOGOcO 

;^ 

0) 

.^15^                                    -(|<N        -"PJ        -i|<N        H©»        '^l<X        '-^I<>1        --^lOl        '^I'N  -iKN 

OOt-.-rhC^lrHOSCO'^tii— irHGOCOCOr-lOOOiOCOOOr>-»OC<lO 
rH                           rH                           rH  1— 1 

o 

,  _l^^i(^xi-<t     ^|-<i<H(NWI-*     -H|.^-i|(>jp:i-<t     -^irr  HfMMl-*     'hItj^^Ic^wItj.     --h|^ -^c^cqm* 

rH  1— 1                                                    1—1  1—1 

(Bt^OOCSOOrHC^COCO-'t'lOOt^t^GOasOOi— IC^ICOCO-^VO 
,-Hi— It— 1  1— IrHr-lT— l^-^T-lr-^T-^ 

c:4:^^^rH(^^<^^(^q(NC^(^^OQC<^c<lC<^G<^c<^c<^(^JC<^c<^c<^^ 

O 

-dcsOCOOCSCOCOOCSCOCOOCiOCOOOiCOCOOCi  cr^tco  o 

coCrit^OOCiOSOi— lC<lC<lC0-r*<i0ii5Ot^Q0Q0a5Oi— li-lCqcO'^f^ 
,— li— li— (i— li— 1  T— It— IrHT— (rHrH 

00 

.  ?3iTt<-t|(N-<|'<ti     e<5|Tf-i|rN-i|Tf      rti-5f-i|(N-i|T}<     cc|Tt"-H|c^-'l'<l<      ?5|Tt -.|c^-<|tj<  ro|-<tH'M-<|-<l< 
X3GOiOC<|T-it:^'*T-lOCDCOOaiiOC<li— iQO'^r- lOrr^OOOOiCO 

T-l                     rH  I— 1  T— 1 

co»O^DI>-l>'QOCiOOT-HC<IOOCO'^>OiO':Ol>.OOOOCiOT— lrHC<l 
r— li— It— li— It— li— 1  t— I— IrHi— 1 

:4^^^^^rHT— I(>JC<|C<1C<10^C<1C<1G<IC^C<1C<1C<I(>JC<1C<JC<J(^ 

00 

.-HlC^       H<N       -"15^       '^lO'                                                            ^IC*'       ^IfN       H(M  -HKM 
•DGOOt-iOCOCOt— IGO'«!HrHC5':OC^T-lt^^OCilO>JOt^COO 
1— 1  T— 1                                        tH  rH 

73^iC)<:0<X'l:^QOQOO:»OrHT-lC<lCOCO'<^iOO:£)l:^GOGOa50T-l 
T— 11— li— It— ItHt— It— It— 1  't^ 

(:4^T_|^rHi— It-Hi— It— lrH(^l(>1C<}C<)C<IC<5G<lC<|(>^(r5C<)C<lC^ 

00 

.  -'|TjHHlM«|-<t        '-i|Tf-H|(N?:|-<t        -ilTpHfNWI-*        -i|rfl-(|(MCO|Tj<        'hItj-^IcvjMItJ.  rnl^^ltMrJlTj. 

T5GO^oaiiOT-io<:oc<?oocoT-it-coooO'^oci>OT-ia5<x> 

T— 1  rH 

cHCO^iOiOCOb-t^COCSOiOT— lT-lC<IOO'^'*iOCO<X>t^GOGOa5 
rHT— IrHi— li— IrHi— l-Hi— IrH 

00 

-doO'^i^OGO^OOO'^OOOrhiOQO^OOO'T'OOO^OOO^O 
1— It— li— It— IrHrHT— IrHT— It— It— 1 

.  r5|Tj"-H|fN-(|Tt<      Mi-'t^jwi'*      fO|^-H|(M-i|Tj<     Ml-^tHfN-iiTr      r5|-*-i|(M'-'l'*  fO|-<t-(|oq-H|Tj< 
TJt^COi— ib-OqO^<Ma5iO— ia5'<+<OQ0'*rHt^C0i-HC£'(MOC0 
1— 1              -rH                                                                 tH               1—1  rH 

roT-lCqG<JC0'«^'*i0C0CDb-Q0Q0a5OOT-lrHC<lC0C0^iO»O<X> 
rHrHrHrHrHrHrHrHi—lT-HrHT— It— 1 

1  Hours.l 

OOi-iC<|C0'*i0<:0l:^G0a5OT-iC<lC-ti-^i0CDt:^G0aiOi— IG<J 
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WAGES  TABLE.— Rate  per  Hour  in  Pence. 

72  0  000000000000000000  oo  o  o  o  o 
coOOT-HC^CO'4^iOOl>-OOOOrHC^lCO^iO<:r;l:^OOaiOrHC^lt-0 
'^OOOOOOOOOOOOOOOOOOOOO'— *i— (r-ii— I 

.  rt|-<ffC|-<T^5|->t'H|<N-<|'«*       rtl'<l'-tKN-i|^       WI-tHtN-"!-*                                  .'C|-^-<KN-<|Tr                -  -Hint. 
'ClOQO-Hi-HrHT-HOOOOCiOCSCiOOOOQOCOt^l—  t^t^OCOO 
IrHrHi— Ir-trHi— It-H 

CBOOOrHC<ICO'«*^lOOt:^GOCiOrHC^lC.t)'?t^OOt^OOOOr-i3<l 

•^OOOOOOOOOOOOOOOOOOOOOOr— ii— ii-^ 

.  r:i'<r-ii(N^I<N     hin     -"KN     'Hxn              -h|(n     -hin     h<n     ^I<m     -<i<n     — |(m  -kn 

TSiOCOrHT-HOOOCiQOQOt-.t^COCOlOlO^'^COCCC^lC^lrHrHO 

T— 1  T— 1  T— 1  7-H 

coOOOi--i<>lCO'*0<:Ot^QOCiO-H<?qcO-'i^iO:OI:^OOa50rHOQ 
rHi— It—It— IrHrHrHrHT—li—l 

c+J  o  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  O  1— ^  1— 1  1— < 

. -H|(>4-t|Tt*-'|TrH(NM|'<t       •-'|'<1«-H|(M:C|r*       '-'l-'t-ijNMlTt       -i|-<f -i|(nC<>'<J'       -<|-^-i|(>ir:|T}.  -ilTfH'Nrtl'J- 

'diOQOr-ioa50oot^<x>(X>»0'T^iot)co(Mi-HOOT-iOo;ciaot-<x> 

T-l  r-*                                                                                          r-i  i—i 

C0OOOrHC^C0^OC£>t^G0CiOrHC<lC0Ttll0lOC0t-Q0CiOT-l 
1— (i— Ir— li— 1,— Ir— It— It— It— It— Ir— ^ 

<^OOOOOOOOOOOOOOOOOOOOOOOt— (r— I 

'6  IrToo'T-i  OOG0r>.(X'»0'*C0C<lT-lOT--HOCiG0t:-C0O'«jH?.tC<lrH 
iBOOOr^CNC0'*>0Ol--G0CriOT-ii-HC<lC0-^i0<:0l:^G0C5OT-i 
"^OOOOOOOOOOOOOOOOOOOOOOOt— ii— < 

'6 

g 

eowH<M-*i'<l*     ^:|■«^■-t|«^^-'l■^     to|TtrH|(N-'|'^     colrrH'N-'iTt*     M|T(>-t|(N-<|'«i'  r:|TtM(NH'^ 
'rSi0C0OCiQ0t^v0'«TiC0<MOrHOa5t^<:0»0'«:t^(MT-lOi— lO50Ol> 
,-1                                                     rH  ,-^  ,-1 

tcOOOrH<ncO'*iC':DI:^OOGOOOT— icqoO-^i-x^Ol-^t^QOOO 

1— It— li— li— It— It— li— It— It— (t— It-H 

<^OOOOOOOOOOOOOOOOOOOOOOOOt-i 

g 

,  -H|-<tM|Tt-H|(N       -iKN       -<|(N       -hIC^                                  rH|(N       -*|fNJ        -ifN        -i|C^       -h|0)  -H|fM 

TSOl-'OCll^^O'Tt^COT-HOOOSt^COTliCOT-iOOCil-CO'^C'^r-^ 

»  O  O  O  rH  C^l       -4^  >0  O            00  Ci  O  T-H       CO  'rh  -"^  lO  O       GO  o 

T— It— It— It— li— It— lrHi— ^i— li— IrH 

'^OOOOOOOOOOOOOOOOOOOOO  O  OOt— ' 

:^ 
g 

HfN-'KH'MeciTr      -^|->tH<N«i-^      -"iTr-Hic-tcciT      -i|Tti-ii(N?:i-<r     -i|v-iirNr3iTp  -<|Tti-.KN?5K 
•OiCl:^OOOOiOCOT-lT— iOQOO^COt— ii— iCiCOCO^Cvii— It— iCit- 

T— 1  T— 1  T— 1  T— 1  T— ( 

03  O  O  O  rH  C^i  CO       >-0  vC  O  l:^  OO  CI  O  1—1  T-i  C^J  CO  '^f'  lO  CO       t:^  00  a. 
^OOOOOOOOOOOOOOOOOOOOOOOOO 

'Cor^OQ0O'^C^OO00<:0'*C^OOG0C0'TjHC^^OOQ0C0-<*i<M 
—  T— !  I— 1  rH 

ccooot— i'>jcO'^>oicoi^Goc:)OOi— l(^^cO';^^olocot^coo 
'4iooooooooooooooooooooooooo 

1  Hours. 1 

H'N.-cl'^TH       CO       KO  to       00  CI  O  rH       CO       iO  O       QO  C5  O  T-l  C<l  CO 
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WAGES  TABLE.— Rate  per  Hour  in  Pence. 


'dooooooooooooooooooooooooo 

cc      xO  cr;       QC       O  T-H  C<1  CO       »0  ?0       OD       O  T-^  <>l       -r^i  i-O  O  GO 

<^T-H^HT-^T-M1-HrHT--ll-HT-HrH^Hl-^T-^l-^T-^^H(^^<^^C^qCq<^^(^^ 

rS 

'^rHrHr-i'rHi-HrHrHrHrHT-HrHT-HrHrHT-HT-Hr-HC^C<|CVIC<|(?C|(^ 

i 

-ilCN       -i|(N       -HlfN       -«lrN        -i|(M                    -i|(M  rH|(M 
'COi-HrHOOOOQOGOIr-l^O:OvOlCl->?hl'*COC.tlCV|<>^rHr-lOO 
rH  1— 1  I— 1  rH 

OQ  CO  CO  ^  ic  o  t--  CO     o  i-H  ^1  CO     i^o  CD     00  o  o         CO     lO  o 

rHi— It-Hi—Ii— It— It— IrHrHr—l 
^THrHrHr— li— IrHrHrHr— li— li— IrHrHrHr— IrH,— <rHC<lC^C<l(>JC<lC^lC^ 

^I'fH'NPSlT                                  -i|'<t-<ICNf^l^  -•It}— i|(N.-^-»        -<|'«)>H'M«I'V  -ilTT'^IC^COl-* 

O       CO  CO  CM  rH  O  C  T-^  O  Ci       QO       -sC  O  lO  '^h  CO  OO  C<l  1— 1  o  o 
r-l  T— 1 

ai  C<1  C.t  '-H  UlS            CO  O  O  O  T-i  <>1  OO       lO  O       GO  Ci  O  iH  C<1  CO  'tH  lO 

TJO  rHOCi<X)l:^COiOTtlOOG<l-HOrHOCiGOt^'X)iO'^CO(MT— lO 

T— 1  T— 1  T— 1  1— 1 

«  C^l  C^l  CO            O       CX)  O  O  T-l  C^l  OO  CO  -rfJ  lO  CO  t--  00  CTl  O  1— 1  C^l  CO  ^ 
7— It— It— IrHr— It— li— It— IrHrHT— 1 

g 

fOW- i|(N-<|Tti       r-:i-<f-H|(N-(lTtt       fCW-H|(M-<|Tt       CQ|Tr-|'M-i|T}<       rJlTT'HlC^-'l-*  fC|-<tH<N-'l'^ 

X!cC-^C0G^jT-lrHOaiQ0CC»!0'!tiC0T— iOt— lOQOt^COiOCOCMT— 

T— 1  1— 1  1— 1  1— 1 

MrHC<JCO'rHi-!OiOCOt-QOaiOT-(C<lCO'<d^'*lOOl:-QOCiOTHC<JCO 
T— It— It— It— It— li— li— li— It-It— It— < 

<i^iT— <i— It— It— ItHi— It— ^l— It— It— It— It— It— (tHt— IrHi— It— It— It— It— IG<^(^^CMC^ 

;^ 
g 

-<I<N        '-'I'M        -llfM        '-'I'N        -HltM                      -(|(M        ^|fM                      ^hIcm  '-(lOl 

^3  O  O  O  t-  CD  ^  CO  rH  O  O      I-  O  ^  CO  T-H  O  O  C:       O  ^  00  T-i  O 

02  T— 1  rH  -1^1  CO  't*  >0  CD         CO  GO         O  iH         CO         IC         CO         GO  O  O  rH  CM 
^iHrHrHtHrHrHrHTHi—lrHTHrHi— It— IrHrHrHrHrHT—li—lrHCMCMCM 

'6 

<^ 

g 

-iiTr-ilc^Ml-*      -il^jt-ilc^colr)"      '-.|■<^<-H|(^^^3|r}•      '^iTrHc^iCOl^  -i|Tr-i|<M?':il. 
T*  CD  -rt^  CM  O  rH  Ci  1  -  O       C^4  O  O  5-.       lO  CO  C^l  O  O  GO       lO  CO  T— 1  O 
r-i                                        l—^  r-i 

cc  O  rH  CM  CO  CO  ^  iC  CD  I—  CO       Ci  O  i-<  CM  CO  ^  iC  10)  CD       GO       O  rH 

iHrHrHi— IrHrHrHiHTHi— (rH 
'^rHrHrHiHrHrH,— iTHtHrHrHrHi— It— It— IrHrHrHrHrHrHtHrHCMC^l 

g 

'doOQO^D^CMOOCOCD'rt-C^lOOOOCD'^CMOOGOCD^CMO 
02  O  O  tH  cm  CO            "i-C  CD  t—  CO  Ci  O  O  tH  cm  CO       >-0  ^  CD  l>-  OC  G5  O 

rHrHrH,— li— IrHrHi— It— ItHt— (tH 

Hours. 

^lOCDt^QOaiOrHCMOO-^J^iOCDt^COaiOi— iCMCO'+iiOCOt^GO 
CM  CM  CM  CM  CM  C^l  CO  CO  CO  CO  CO  OO  CO  CO  CO  CO       -"^i       '^d^  ^  ^  ^  ''d-^ 
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WAGES  TABLE.— Rate  per  Hour  in  Pence. 


CO 

'dooooooooooooc:ooooooooooo 

rHrHi— Ir-lrH,— 1,— IrHr-lT— 1  i— li— li— 1 

.  r^lTTHC^-tlrri        «|T3-HtN-i|T}<        .'Ol'^ -.i'N'H|Tj4 
X3i-Ht— It— IrHOOOOaSOSasCSGOGOOOOOt^t^t^t^CCOOCO 

ccn^COCiOrHCqcO'^iOCDt^QOCiOrHG^CO^OCOb-GOCSO 
1— (i— It— It-Ht— li— It— IrHi— It— 1  t— 1 

C<1            C<1  Cv|                      C<1       00  'to  CO  CO  00  CO  CO  CO  CO  CO 

.  'H|(N        -i|(M                                     -'I'M        -1101                      -H|rM                      -HlfN  -"I'M 

t5t— lT-^ooC5a:GOc/Dt^t-coOl0^o^^coco(^^(^^rHT— lOO 

T— 1  T— 1  J— 1  T— 1 

W2COI^QOO^Ot— iCviCO'^iOOt^GOCiOrHC^OO'^viOCOl^GO^ 
"-(^            G*^        C^l             Cv|  Cv|        Cv|  C^l  C^l  Cv|  CO  CO  00  00  00  CO  CO  CO  CO'  C^ 

i 

. -i|-^-i|(n:ci-^      -'l-^-.Kr.rjlTj-      -HiTf-iic^roiTj-      ,H|^-,|(N.-ciTr      'H|Tt(-H|(NM|-<t  -'l-^H'Ncci-'t 

'T3T-^oc:CiGOt^^^|<:ouo^cooO(^^T— lOOr-ioaiCicoi^ocr' 

T— 1  T— 1  T— 1  T— 1 

a5y5':Dl:^C0a5OT-<(NC0^i0Ot-Q0^OOrHC^C0'?*^O«0t^ 
Ofl                            Cv|  Cv|  d  C^l        C^l  Cvl        Cv|        OO  CO  00  CO  00  00  OO  00  CO 

T-H  O  Ci  OO       O  >0  ^  CO  Cvi  1— 1  O  1— 1  O  Ci  CO  l-^  O  O       00  C<J  T— 1  o 
^  O  CO       00  Ci  O  1—1  C^l  OO  -rfi  O  liO  CO       GO  Ci  O  rH  C>5  CO  ^  »iO  O 
c+J            C^l       C*^       O^l                           05            0^       OO  CO  CO  CO  OO  CO  00 

o 

.  CClTt-ilfN-^lTf       rOlrJ«-H|(N-i|Tf<  CCItJ— i|CJ-i|t}h       r:|-<t-(|(?^-i|Tf       WItC -,|C-.-h|-!J<  ccl-'tH^-'l-f 
'COCrsGOt^iO^COtMOrHOOSl^COiO'^C^lT-lOT— lC:)GCt^O 

,—1  T— 1  T— (  1—1 

oiCO-rHi-OOl^QOOOi-^T— iC<lC0'*iO':0l:-G0C5OOT— IC^ICO'* 
'^G<lC^C<lC^C<lC^G<lC^(>JC<JC<lC^lC<l<>l(>5O^G<|C<lCOC0C0C0COO0 

% 

o 

.  -ilf>i                      -hIiM        -i|(N        •-'KN        HllM        -HlfN                      -i|f>J  -H|f>j 

TSOClt^O^OOi— (OOOt^CO'd^COi— iOOOI-^O'tHCOt-iO 

T-l                                               rH  1— 1 
ajC^lCO-'^iOCOt'COOO^OT-HOqCO'^iOCOCOt^GOC^Or-HG^CO 

C<1  C^l       C-l  C<|       C>5  C<J       C<1  C<1  C<1  C<)            C<1  (^^1  C<l 

g 

.  -i|Tf-i|fM:oi'*      -Hl'^Hoi^l'^      'H|-^-iif>4r:|T)-      -i|'^-i1'>jWI-<J'  -^|-<j<-<l(N«|-'t' 
TJOOOCDxOCOt— li— lOOOOHHCOi— li— lOiOOCO^C^i— It— ia5i--.o 

,—1  T— 1  T— 1  T— 1  1—1 

t»T— l(^^C0'^^^^OC0t^00C5OT-^C^-HC0'!^»0Ot^G0QCCiOl— 1 
^  C<1  (?Q  05  C<1  C<l  C^l  C<1  C<1  C<1  (7^        C<J  C<1  C^l        C<l  C<l             C<)  C<1  G^  0^ 

g 

7fOGOCO-TfiG<lOOQOCO'-H!MOOQOCO-^(MOOQO<:O^GOO 

rH  T— 1                                    T-l  1— 1 

03  r— 1  0^  ^0            *0       t>"  00                      0^  OO            i-O  CO  l>"  OO 

c<i  c<j     c^i  c<j  CV1  c<j  G<3  c<)  (>i  c^^      c<j  c<i  c>5  c<i  G<i  c<i  (>i  (>5 

Hours. 

C50T-lG<|CO-«!*^xOCOt^OOOOT-HC<jCO''f'»OCOt:^OOa50rHC<i 
TtiiOiOiOxOiOOvOiOOOCOCOCOCOCOCOCOCOCOOt-t^b-- 
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SIZES  OF  PAPERS. 


Drawing 

Emperor   

Antiquarian  

Double  Elephant 
Atlas  ... 

Colombier  ...   

Imperial 
Elephant 
Super  Rojal  ... 

Koyal  

Medium 
Demy  ... 

Foolscap   


Papers. 


Inches. 

...  72    X  48 

...  53    X  31 

...  40    X  27 

...  34    X  26 

...  34^  X  24 

...  30    X  22 

...  28    X  23 

...  27i  X  19^ 

...  24    X  19 

...  22    X  17i 

...  20    X  15| 

...  16|  X  13^ 


Loan  Papers. 

Imperial     29^  X  21^ 

Royal   23i  x  18f 

Medium      21    x  17 

Double  Foolscap   25^  X  16|- 


Account  Book  and  Writing  Papers. 


Atlas  

  33i 

X  26J 

Imperial 

  30 

X  22 

Super  Eoyal  ... 

  27 

X  19^ 

Royal  

  24 

X  19i 

Medium   

22 

X  17i 

Demy    

20 

X  15i 

Foolscap  (hand  made) 

...  16f 

X  13^ 
X  13^ 
X  16| 
X  13j 

5,       (machine  made)   

  16^ 

Double  Foolscap  ...   

  26^ 

Sheet  and  half  Foolscap   

  24i 

Sheet  and  third  Foolscap   

  22 

X  13^ 

Extra  Large  Post      . .   

  ^21 

X  17J 

Large  Post   

  21 

X  16^ 

Copy  

  20i 

X  16 

Post   

  19 

X  15i 

Pinched  Post  

...  18^ 

X  14| 

Pott   

  15 

X  12i 

Sheet  and  half  Pott  ...   , 

  22^ 

X  12i 

Bank  of  England  Note   

  H 

X  5^ 

20 


Medium 

Royal  

Double  Foolscap 
Medium  Copying 
Royal  Copying 


Copyings,  &c. 


Printing  Papers. 


Double  Royal   

Medium   

,,     Demy   ... 

J ,  Copy   

, ,     Large  Post  ... 

Crown 

,,  Post  

,,  Foolscap 

j,  Pott  

Sheet  and  half  Demy,  square 
,,  ,,  usual 

„  Post 
Elephant 
Imperial 
Super  Rojal  ... 
Royal  ... 
Pasting  Royal 
Medium 
Demy  ... 


Antiquarian  . . . 
Double  Imperial 
„  Elephant 
Atlas  ... 
Colombier 
Imperial 
Super  Royal  . . . 
Royal  ... 
Medium 
Demy  ... 
Foolscap 

Double  Elephant 
Atlas  ... 
Imperial 
Royal  ... 
Demy  


Plate  Papers. 


Chart  Papers. 


Inches. 
22^  X  17^ 
23^  X  19i 
27    X  17 

18^  X  22^ 
24f  X  20f 


40 

37 

351 

33 

33 

30 


X  25 
X  23i 
X  224 
X  20 
X  21 
X  20 
SU  X  19| 
17 
15i 


27 
25 


33f 

23^ 

30 

30 

28 

25 

24 


3 


19| 


X 
X 

X  23 
X  22 
X  20 


20 


23^  X  18 
23 
22J 
22i  X  17i 


18 

m 


X  31 
X  30 
X  27 
X  27 

X 
X 
X 


24 
22 
20 


53 
44 
40 
34 
35 
30 
28 

25    X  20 
23^  X  18^ 
22^  X  17| 

17  X  rsk 

40^  X  27 
34  X  26 
30  X  22 
25  X  20 
22^  X  17f 
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Cartridge  Papers.  Inches. 

Elephant   28    X  23 

Imperial     30    x  22 

Cartridge  size ...       ...       ...       . .        ...  ...26x21 

Koyal  25    X  20 

Demy    22^  x  17J 

Copy  20'  X  16^ 

Double  Demv      35^x22^ 

„     Crown   30    X  20 

Continuous    ...       ...       ...       ...       ...        54  inches  wide 


Sugar  and  Grocers'  Papers. 


Double  Lump 

Titlers  

Double  Hambro 
Extra  Large  Lump  . . 
Single  Lump  ... 
Large  Single  ... 
Small  „ 
Elephant 

Purple,  No.  4  

„     No.  3  

Powder  Loaf  ... 
Single  Hambro 
Large  Double  Loaf  . . 
Small      „        5j  •• 
Royal  Hand  ... 
Double,  2  lbs  

»  6   

„     Small  Hand  . . 
Lumber  Hand 
Middle  Hand  


42 

35 
30 
36 
34 
29 
27 
29 
28 
26 
26 
24 
23 
21 
25 
24 

28^  X 
31 
23 
22 


X  32 
X  29 
X  27 
X  24 
X  24 
X 
X 
X 
X 


23 


24 

181 
X  17 
X  181 


X  161 
X  16^ 
X  20 
X  16 
19 
X  21 


18 
16 


Brown  Papers. 

Casing   48  x  40 

„    48  X  38 

„    46  X  36 

Double  Imperial    45  x  29 

„     Bag  Cap    40  X  24 

„     4  lbs   31  X  21 

Large  Imperial    32  x  24 

Imperial    29  x  221 

Havon  Cap      26  x  21 

Bag  Cap    24  X  20 

Kent  Cap    22  x  18 


22 


Brown  Papers  (Wrappers). 

Plutarch 
Saddle  Back  ... 
Nicanee 
Quad  Royal  ... 
Double  Nicanee 
Elephant 

Small  Hands. 

Double  Crown  Small  Hand 
Double  Small  Hand... 


Single  Small  Hand 


Inches. 

36 
45 
45 


50 
66 
34 


30 
29 
23 
28 
21 
20 


26 
36 
28 
40 
45 


X  27 


20 
20 
17 
18 
13 
15 


Blotting  Papers. 

Royal  or  Treasury  ... 
Demy  ...  ... 

Post  

Double  Foolscap 

Miscellaneous  Paper 

Drying  Royal 
Tissue,  Double  Crown 

,,  Demy 
Middles 


Filtering  Papers 
Scribbling  Demy 
Copying.  Medium 

Double  Foolscap 


24    X  19 
22^  X  17| 
19    X  IH 
261  X  16| 


24 
30 

22^  X 
32  X 
30  X 
24  X 
22i  X 
24  X 


X  19A 
X  20 
X  17f 
X  22 
X  20 
X  19 
17^ 
19' 


22^  X  17^ 
22J  X  18J 
27    X  17 


Cardboards  and  Bristol  Boards. 


Foolscap 
Demy  ... 
Medium 
Royal  ... 
Super  Royal  . . . 
Imperial 
Double  Crown 
,5  Foolscap 


Cardboards.   Bristol  Boards. 


17  X  l^ 

22^  X  17J 


25 

27i 

30 

30 

27 


X  20 
X  20^ 
X  22^ 
X  20 
X  17 


15i  X  12J 
18^  X  14i 
X  16^ 


21 


25^  X  18 
28J  X  21 


Note. — These  sizes  vary  according  to  the  maker. 
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Glazed  Pressing  Boards. 
Large  size,  for  dyers.. 
Long  ... 
Imperial 
Doable  Crown 
Super  Eoyal  . . . 
Double  Foolscap 
Koyal,  Extra  ... 

„  "Writing 
Demy  „ 


Writing  Parchments. 


35  X  30 
32  X  28 
31  X  26 
30  X  27 


30  X 
30  X 
29 
28 


26 
25 
X  26 
X  24 


28  X  23 
27  X  23 
26  X  22 
25  X  21 

Portfolios. 


24  X  20 


27  X 
24  X 
26  X 


19 
19 
18 


Antiquarian  ... 
Double  Elephant 
Colombier 
Large  Atlas 
Imperial 
Super  Royal 
Royal  ... 
Medium 
Demy  ... 
Crown . . . 
Foolscap 
Half  Imperial 

Super  Royal 
Royal 
Medium. 
Demy 
Crown 
Foolscap 
Quarto  Imperial 

Super  Royal 
„  Royal... 
,,  Medium 


Imperial 
Super  Royal 
Royal  ... 
Medium 
Long  Demy 
Broad  Demy  . 


Binding  Vellums. 


32 
31 


Inches. 

66    X  24 
X  19 
X  23 
30A  X  20J 
29    X  21i 
29    X  18 
X  20i 
X 


25i 
24 
22 


19 
X  18 


24  X  18 
21  X  16 
20  X  16 
20  X  15 


53 
41 
36 
35 
31 
28 
25 
23 
23 
19 
18 
22i 
20 
20 


X  33 

X  27 

X  25 

X  27 

X  22J 

X  20 

X  20 

X  18i 

X  18 

X  15 

X  14 

X  15J 

X  14^ 

X  13 


^2 


18i  X  12 
18  X  12 
15 
14 
15i 
14 
121 

Hi 


X 
X 

X  111 

X  10^ 

X  lOi 

X  9 


36 
33 
30 
28 
22 
14 


X  24 
X  22 
X  22 
X  20 
X  21 
X  17J 
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Binding  Vellums  {cont.j  Inches. 

Long  Foolscap    28^  X  17^ 

Broad      „    21x15 

Rojal  4to    21    X  13i 

Medium  4to   21    x  12| 

Sheet  and  half  and  thirds   15    x  14l 

Long  Demy  4to    17    x  13| 

Broad    „      „        ...    19    x  Hi 

Lonj;  Foolscap  4 to   14    X  ll| 

Broad               „   16J  X  9^ 

Medium  8vo  tucks                                          ...  17^  x  9^ 

Demy     „       „    16|  x  8^ 

Foolcap  „       „    15^  X  7t 

Millboards.  Marks. 

Pott   171  X  14^  ...  P. 

Foolscap    18|  X  14A  F.C. 

Crown   20    X  16^  ...  C. 

Small  Half  Royal    20^X13"  ..  S.H.R. 

Large           „    21    x  14  ...  L.H.R. 

Short   21    X  17  ...  S. 

Half  Imperial    23^x16^  ...  H.L 

Small  Half  Imperial          ...  22i  x  U  ...  S.H.L 

Middle  or  Small  Demy      ...  22^x18^  ...  M. 

Large  Middle  or  Large  Demy  23f  x  18j  ..  L.M. 

Large  or  Medium    24    x  19  L. 

Small  Whole  Royal   25^  x  19^  ...  S.R. 

Large     „        „    26J  x  20f  ...  L.R. 

Extra  Roval   28^  x  21^  ...  Ex.  R. 

Whole  Imperial    32    x  22^  ...  L 

Long  Thin    30    x  21  ...  L.T. 

Atlas   30    X  26  ..  A. 

Extra  Atlas   32^  x  26^  ...  Ex.  A. 

Long  Royal   34    x  21^  ...  L.R. 

Colombier    36    x  24-  ...  COL. 

Portfolio    34    X  27  ...  F.F. 

Great  Eagle  or  Double  Elephant  40    x  28  ..."  G.E. 

Emperor    44    x  30  ...  E. 

Double  Royal         ...       ...  46    x  21  ...  D.R. 

Long  Colombier    49    x  24  ...  L.C. 

Long  Double  Elephant     ...  50    X  27^  ...  L.D.E. 

Antiquarian   54    x  30"  ...  ANT. 

Extra  Antiquarian   54    x  34  ...  Ex.  ANT. 

Strawboards.    Usual  Sizes. 

19  X  24  22  X  32 

20  X  30  25  X  30 

.  Note. — From  3  ozs.  to  5  lbs.  in  weight. 
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GERMAN  CLASSIFICATION  AND  SIZES  OF  PAPERS. 
Briefpapiere  (Letter  Papers). 

Gross  Median  ...       ...       ...    46  x  59  cm, 

Klein     „    44  x  56  „ 

Register    42  x  53  „ 

ScHREiBPAPiERE  (Writing  Papers). 

Median                     ...       ...    45  x  58  cm. 

Klein  Median   44  x  56  „ 

Register    42  x  53  „ 

Klein  Register   41x51  „ 

Gross  Propatria         ...                ...       ...  37  x  45  „ 

Propatria    34  x  43  „ 

Schulformat    34  x  42 

BucH  AND  Zeichenpapierb  (Book  Papers). 

Atlas    83  X  118  cm. 

Gross  Adler    70  x  107  „ 

Adler   62  x    90  „ 

Imperial         ...   57  x    80  „ 

Super  Regal   54  x    70  „ 

Regal   49  X    64  „ 

Klein  Regal     ...    47  x    60  „ 

Median  ...    45  x    58  „ 

Gross  Propatria    37  x    45  „ 

Kupferdruckpapiere  (Copperplate  Papers). 

Colombier    60  x  90  cm. 

Jesus    52  X  73  „ 

Regal   49  X  64  „ 

Median                     ...       ...       ...       ...  45  x  58  „ 

Notendruckpapibre  and  Notenschkeibpapiere. 

Super  Regal   54  x  70  cm. 

Klein      „    47  x  60  „ 

Druckpapiere  (Printing  Papers). 

Gross  Lexikon...       ...       ...       ...       ...  54  x  70  cm. 

Lexikon         ...       ...       ...       ...       ...  49  x  64 

Hochquart   47  x  65  „ 

Quart   47  X  60  „ 

Gross  Duodez   47  x  58  „ 

Gross  Octav  und  Sedez        ...       ...       ...  45  x  58  „ 

Octav  und  Klein  Duodez    43  x  52  „ 

Klein  Quart    42  x  52  „ 

Klein  Octav    41  x  51  „ 

Leipsiger        ...       ...                           ...  37  x  49 

Seidenpapiere  (Tissue  Papers). 

Alt  Super  Regal    50  x  76  cm. 

Copir  Alt  Regal    50  x  60  „ 

Cigaretten  Alt  Gr.  Median   48  x  58  „ 

Goldschlag  Alt  Kl.  Regal    40  x  50  „ 
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Fakbige  Umschlagpapiere  (Coloured  Wrapping  Papers). 

Regal    49  X  64  cm. 

Gross  Median   46  x  59  „ 

Affichenpapikre  (Thin  Poster  Paper). 

Farbige   65  x  94  cm. 

Weisse   45  x  73  „ 

Skips    42  X  60  „ 

Papers  to  be  used  for  Certificates,  Documents,  &c. ,  are  as 
follows : — 

Bienenkerb   ...    37  x  46  cm.  Weight  19  Kilos,  p.l  ,000  Sheets. 

Klein  Median      41  x  51    „        „     25  „ 

Gross       „  45  x58    „        „     35  „  „ 

Royal   49jx61    „        „  42 

Snperroyal    ...    50  x70    „        „     50  „  „ 

Imperial.   55  x  76     „         „     64  „  „ 

Colombier  ...  63.^x88  „  „  90 
Double  Elephant  67  X 103  „        „  120 


Extra  Formate  (Extra  Sizes). 

Kupferdruck  Colombier 

60 

X 

90  cm. 

„  Jesus 

52 

X 

73 

Druckpapiere  Hochquart 

47 

X 

65 

„          Gross  Duodez  . 

47 

X 

58 

„          Octav  und  Duodez 

43 

X 

52 

„  Leipsiger 

37 

X 

49 

Affichen  Gross  

65 

X 

94 

j> 

„  Klein   

45 

X 

73 

J) 

Blau,  Rosa,  Halbweiss,  and  Grau  Papier 

50 

X 

76 

7J 

1  Pfund  Beutil  Doppeldiiten  . 

46 

X 

75 

Extra  Regal   

56 

X 

66 

?J 

i  Pfund  Beutel  

40 

X 

63 

5? 

Diiten 

37 

X 

45 

J5 

Roth  Losch 

72 

X 

88 

J) 

52 

X 

63 

,, 

47 

X 

60 

?) 

,, 

46 

X 

59 

Carton   

48 

X 

60 

?? 

48 

X 

58 

Neue  Papiernormalformate  (New  Normal  Sizes). 

No. 

No. 

1                       33  X  42  cm. 

7   

44 

X 

56  cm 

2                      34  X  43  „ 

8  

46 

X 

59 

JJ 

3                       36  X  45  „ 

9   

48 

X 

64 

4                       38  X  48  „ 

10  

50 

X 

65 

6                       40  X  50  „ 

11   

54 

X 

68 

6                       42  X  53  „ 

12  ... 

57 

X 

78 

27 


TABLE 

Showing  the  Equivalent  Weights  per  ream  of 
PRINTING  PAPERS. 


Demy 

171.  X  22^ 

D.  F'cap 
17  X  27 

Royal 
20  X  25 

S.  Koyal 

20  X  28 

Dbl.  Cr. 

20  X  30 

Imperial  D.Demy 

22  X  30  1  22^  X  35 

lbs. 

lbs. 

oz. 

lbs. 

oz. 

lbs. 

OZ. 

lbs. 

oz. 

lbs. 

oz. 

lbs. 

11 

12 

13 

14 

4 

15 

10 

16 

12 

18 

7 

22 

12 

14 

0 

15 

8 

17 

1 

18 

4 

20 

1 

24 

13 

15 

2 

16 

13 

18 

8 

19 

12 

21 

12 

26 

14 

16 

5 

18 

2 

19 

14 

21 

5 

23 

7 

28 

15 

17 

7 

19 

7 

21 

5 

22 

13 

25 

2 

30 

16 

18 

10 

20 

11 

22 

12 

24 

5 

26 

13 

32 

17 

19 

13 

22 

0 

24 

3 

25 

13 

28 

7 

34 

18 

20 

15 

23 

5 

25 

10 

27 

6 

30 

2 

36 

19 

22 

2 

24 

10 

27 

1 

28 

15 

31 

13 

38 

20 

23 

5 

25 

14 

28 

7 

30 

7 

33 

8 

40 

21 

24 

7 

27 

3 

29 

14 

31 

15 

35 

2 

42 

22 

25 

10 

28 

7 

31 

5 

33 

8 

36 

13 

44 

23 

26 

13 

29 

12 

32 

12 

35 

1 

38 

8 

46 

24 

27 

15 

31 

1 

34 

3 

36 

9 

40 

3 

48 

25 

29 

2 

32 

6 

35 

8 

38 

1 

41 

13 

50 

26 

30 

5 

33 

10 

36 

15 

39 

9 

43 

8 

52 

27 

31 

7 

34 

15 

38 

6 

41 

2 

45 

3 

54 

28 

32 

10 

36 

4 

39 

13 

42 

10 

46 

14 

56 

29 

33 

13 

37 

8 

41 

4 

44 

2 

48 

8 

58 

30 

34 

15 

38 

13 

42 

10 

45 

11 

50 

0 

60 

31 

36 

2 

40 

2 

44 

1 

47 

3 

51 

14 

62 

32 

37 

4 

41 

7 

45 

8 

48 

11 

53 

9 

64 

33 

38 

7 

42 

11 

46 

15 

50 

4 

55 

4 

66 

34 

39 

10 

44 

0 

48 

6 

51 

12 

56 

15 

68 

35 

40 

12 

45 

5 

49 

12 

53 

5 

58 

10 

70 

36 

41 

15 

46 

9 

51 

2 

54 

13 

60 

5 

72 

37 

43 

1 

47 

14 

52 

9 

56 

5 

61 

15 

74 

38 

44 

4 

49 

3 

54 

0 

57 

14 

63 

10 

76 

39 

45 

7 

50 

8 

55 

7 

59 

6 

65 

5 

78 

40 

46 

9 

51 

12 

56 

14 

60 

14 

67 

0 

80 

28 


TABLE 

Showing  the  Equivalent  Weights  per  Ream  of 
WRITING  PAPERS. 


L.  Post 

16^X21 

Pott 

12JX15 

F'cap 
IBl  X  16i 

P.  Post 

14^  X18^ 

Post 

15^  X 19 

Demy 
15^x20 

Med'm 

17^x22 

19x24 

lbs. 

lbs. 

oz. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs.  oz. 

11 

5 

15 

6 

15 

8 

8 

9 

o 

9 

13 

12 

8 

14  7 

12 

6 

7 

7 

9 

9 

4 

10 

0 

10 

11 

13 

10 

15  12 

13 

7 

0 

8 

3 

10 

1 

10 

14 

11 

10 

14 

12 

17  2 

14 

7 

9 

8 

13 

10 

13 

11 

11 

12 

8 

15 

14 

18  7 

15 

8 

1 

9 

7 

11 

9 

12 

9 

13 

6 

17 

0 

19  12 

16 

8 

10 

10 

1 

12 

6 

13 

6 

14 

5 

18 

3 

21  1 

17 

9 

3 

10 

11 

13 

2 

14 

4 

15 

b 

19 

5 

22  6 

18 

9 

11 

11 

5 

13 

15 

15 

1 

16 

1 

20 

7 

23  11 

19 

10 

4 

11 

15 

14 

11 

15 

15 

17 

0 

21 

9 

25  0 

20 

10 

13 

12 

9 

15 

7 

16 

12 

17 

14 

22 

11 

26  5 

21 

11 

7 

13 

3 

16 

4 

17 

9 

18 

12 

23 

13 

27  10 

22 

11 

14 

13 

13 

17 

0 

18 

6 

19 

10 

24 

15 

28  15 

23 

12 

7 

14 

7 

17 

13 

19 

4 

20 

9 

26 

2 

30  4 

24 

13 

0 

15 

9 

18 

9 

20 

1 

21 

7 

27 

4 

31  9 

25 

13 

8 

15 

12 

19 

5 

20 

15 

22 

5 

28 

6 

32  14 

26 

14 

1 

16 

6 

20 

2 

21 

12 

23 

4 

29 

8 

34  3 

27 

14 

0 

17 

0 

20 

14 

22 

10 

24 

2 

30 

11 

35  8 

28 

15 

2 

17 

10 

21 

10 

23 

7 

25 

0 

31 

13 

36  14 

29 

15 

il 

18 

4 

22 

7 

24 

4 

25 

15 

32 

15 

38  3 

30 

16 

3 

18 

14 

23 

3 

25 

1 

26 

13 

34 

1 

39  8 

31 

16 

12 

19 

8 

24 

0 

25 

15 

27 

11 

35 

3 

40  13 

32 

17 

5 

20 

3 

24 

12 

26 

12 

28 

10 

36 

6 

42  2 

33 

17 

13 

20 

13 

25 

8 

27 

10 

29 

8 

37 

8 

43  7 

34 

18 

6 

21 

7 

26 

5 

28 

7 

30 

6 

38 

10 

44  12 

35 

18 

15 

22 

1 

27 

1 

29 

4 

31 

5 

39 

12 

46  1 

36 

19 

7 

22 

11 

27 

14 

30 

1 

32 

3 

40 

14 

47  6 

37 

20 

0 

23 

5 

28 

10 

30 

15 

33 

1 

42 

0 

48  11 

38 

20 

8 

23 

15 

29 

6 

31 

13 

34 

1 

43 

2 

50  0 

39 

21 

1 

24 

9 

30 

3 

32 

10 

34 

14 

44 

5 

51  5 

40 

21 

10 

25 

4 

30 

15 

33 

7 

35 

12 

45 

7 

52  10 

29 


TABLE 

Showing  Equivalent  Sizes  and  Weights  of 

WRAPPING  PAPERS. 

Size. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

36x45 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

20x24 

Q.Q 

O  O 

10  O 

11-8 

13-3 

14-8 

16-2 

17-7 

19-2 

20*7 

22*2 

23-6 

20x25 

1  A.Q 
lU  O 

12-3 

13-8 

15-4 

16-9 

18-5 

20 

zl  b 

23*1 

24-6 

21x26 

lU  i 

ll'O 

13-4 

15-1 

16-8 

18-5 

20-2 

21-8 

23*5 

25*2 

26-9 

20x30 

ii  i 

1  O.O 

lZ  V 

14-8 

16-7 

18-5 

20-3 

22 '2 

24 

25*8 

27*6 

29-4 

21x31 

1  o 

1  A 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

20x28 

Wo 

1  o 

S-Z 

13-8 

15-5 

17-2 

18-9 

20-7 

22-4 

24 '1 

25"9 

27-6 

22^X29 

1  o 

1  A 
1* 

16-1 

18-1 

20-1 

22-1 

24-1 

26-1 

28*1 

30 '2 

32-2 

22x32 

1  o 

io 

1  K.I 

15  1 

17-3 

19-5 

21-6 

23-8 

26 

28-1 

30*3 

32 '5 

34-6 

21x34 

13*2 

15  4 

17-6 

19-8 

22 

24-2 

26-4 

28-6 

30'8 

33 

35-2 

22x35 

16*6 

19 

21-3 

23-7 

26 

28-3 

30-8 

33 '2 

35*6 

38 

23x34 

14:  4: 

lb  o 

19-2 

21-6 

24-1 

26-5 

28-9 

31-3 

33*7 

36*1 

38-5 

24x30 

io  O 

1  K.K 
10  O 

17-7 

20 

22-2 

24-4 

26-6 

28-9 

31*1 

33  "3 

35-5 

24x32 

1  /I  .O 

1  CK 

lb  5 

18-9 

21-2 

23-6 

26 

28-3 

30-7 

33*1 

35*5 

37-9 

24x36 

1  K.Q 

lo  y 

lo  5 

21-2 

23-9 

26-6 

29-2 

32 

34-6 

37 '3 

40 

42-6 

24x40 

1  '7-7 
Lit 

/ 

23-7 

26-6 

29-6 

32-6 

35-5 

38-5 

4:1  5 

44*4 

47-4 

26x36 

1  7.Q 
i/  O 

23-1 

26 

28-8 

31-7 

34-6 

37-5 

40*4 

43'3 

46-2 

27x34 

1  '7 

1  Q.Q 

ly  o 

22-6 

25-4 

28-3 

31-1 

34 

36-8 

39*6 

42*5 

45-3 

28x45 

Z6  6 

Zl  z 

31-1 

35 

38-8 

42-7 

46-7 

50-5 

54 '5 

58 

62 

29x44 

ZO  K) 

31-5 

35-4 

39-3 

43-3 

47-2 

51-1 

55*1 

59 

63 

29x45 

Z4:  i 

OQ  .1 
1 

32 -2 

36*2 

40-2 

44 '3 

48 '3 

52*3 

56"3 

60*4 

64-4 

30x38 

Zl 

Z%  b 

28-1 

31-6 

35-1 

38-7 

42-2 

45-7 

49 '2 

52*7 

56-3 

30x46 

25-5 

29-7 

34 

38-2 

42-5 

46-7 

51 

55-2 

59-5 

63-7 

68 

31x46 

26-4 

30-8 

35-2 

39-6 

44 

48-4 

52-8 

57-2 

61-6 

66 

70-4 

34x36 

22-6 

26-4 

30-2 

34 

37-7 

41-5 

45-3 

49-1 

52-9 

56-7 

60-4 

36x36 

24 

28 

32 

36 

40 

44 

48 

52 

56 

60 

64 

36x46 

30-6 

35-7 

40-8 

46 

51-1 

56-2 

61-3 

66-4 

71-5 

76-6 

81-7 

36x48 

32 

37-3 

42-6 

47-9 

53-3 

58-6 

64 

69-3 

74-6 

80 

85-3 

38x48 

33-8 

39-3 

45 

50-6 

56-3 

61-9 

67-5 

73-1 

78-8 

84-4 

90 

40x48 

35-5 

41-4 

47-4 

53-3 

59-3 

65-2 

71-1 

77 

83 

88-9 

94-8 

40x50 

36-8 

43-2 

49-3 

55-4 

61-6 

67-7 

74 

80 

86-2 

92-3 

98-4 

45x56 

46-6 

54-4 

62-2 

70 

77-7 

85-5 

93-3 

101 

109 

116 

124 

3 
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TABLE 

Showing  Equivalent  Sizes  and  Weights  of 

WRAPPING  PAPERS-continued. 


Size. 
36x45 


lbs. 

85 


20x24 
20x25 
21x26 
20x30 
21x31 
20x28 
22^X29 
22x32 
21x34 
22x35 
23x34 
24x30 
24x32 
24x36 
24x40 
26x36 
27x34 
28x45 
29x44 
29x45 
30x38 
30x46 
31x46 
34x36 
36x36 
36x46 
36x48 
38x48 
40x48 
40x50 
45x56 


25-  1 

26-  2 

28-  5 
31-3 
34 

29-  3 
34-2 

36-  8 

37-  4 
40-3 
40-9 
37-7 
40-2 
45-3 
50 
491 
48-1 
66 
66-9 
68-4 
59-8 
72-2 
74-8 
64-2 
68 
86-8 
90-6 
95-6 
100 
104 
132 


lbs. 

90 


26-  6 

27-  7 
30-2 
33-3 
36 
31 
36-2 
39 
S9-6 

42-  7 

43-  3 
39-9 
42-6 
48 
53 
52 
51 
70 
70-8 
72-5 
63-3 
76-5 
79-2 
68 
72 
92 
96 
101 
106 
110 
140 


lbs. 

95 


28-  1  29-6  31-1  32-5  34-0  35'5  37 

29-  3  30-8  32-3  33-9  35-4  37-0  38*5  40 


32-0  33-6  35-3  37*0  38*7  404  42 
35-2  37-0  38-8  40-7  42-5  44-3  46-2  48 


38 


40 


32-7  34-5  36-1  37-8  39*5 


38-2  40-2  42-2  44*3  46-3  48-3  50 
41-2  43-4  45-5  47-6  49-8  52 

46-2  48-4  50-6  52-8  55 


41-8  44 
45-1  47-5 


45-7  48-2  50-6  53 


42-2  44-4  46-6  48-8  51-1 
47-4  49-7  52-1  54-5 


56 


76 

97-1 

101 

107 

112 

117 

147 


lbs. 


100  105 


42 


49-8  52-2  54-6  57 


45 

50-6  53-3  56 


59 


54.8  57-7 
53-8  56-6 
73-5  77-5 


76-5  80-5  84-5 


102 
106 
112 
118 
123 
155 


lbs. 


44 


62 


53-8  56-6  59-5  62-3  65-6  68 


80-7  85-189-3  93-5  97-7 
83-6  88 


71-8  75-5  79-3  83-1  86-9  90 


84 
107 
112 
118 
124 
129 
163 


lbs. 
110 


46 


65 


81-5  85-5  89-5 


74-8  78-7  82-6  86-6  90-5  94-5 


92-4  96-8 


88 
112 
117 
124 
130 
135 
171 


lbs. 
115 


48 


41-4  43-1  44-8  46-5  48-2 


55-4  57-8  60-2  62-6  65 


58-6  61-3  64 


68 


88-6  92-6  96-7 


66-8  70-3  73-8  77-3  80-9  84-4  87-9  91-4  95 


101 


92 
117 
122 
129 
136 
141 
179 


lbs. 
120 


53-3  55-5  57-7  60 
56-9  59-2  61-6  64 


71 


93 


102 
105 
-7 
96 
122 
128 
135 
142 
148 
186 


lbs. 

125 


38-540  41-4 
41-6  43-2 
43-6  45-3  47-1 


59-3  61-7  64.1 


74 


60-6  63-5  66-4  69-3  72-2  75-1  77-9  80-8 


97 
98-4 
100 


106 
110 
94 
100 
127 
133 
140 
148 
154 
194 


lbs. 

130 


52 


49-8 

54 


52 


66-6  69-3  72 


77 


101 
102 
104 


110 
114 
98-2 
104 
132 
138 
146 
154 
160 
202 


lbs. 

135 


54 


56-5 


50 
43 
50 

54-1  56-2  58-4  60-6 
57-2  59-4  61-6 

66-  4 

67-  4 
62-2 
66-3 
74-6 
83 


80 


70-8  73-6  76-5  79-3 


105 
106 
108 


114 
119 
102 
108 
138 
144 
152 
160 
166 
210 


lbs. 
140 


51-6 
56 


109 
110 
113 
98-5 
119 
123 
106 
112 
143 
149 
157 
166 
172 
218 
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TABLE 

Showing  Equivalent  Sizes  and  Weights  of 

WRAPPING 

PAPERS— continued. 

Size. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

36x45 

145 

150 

155 

160 

165 

170 

175 

180 

185 

190 

195 

200 

20x24 

42-9 

44-4 

45-9 

47-3 

48-8 

50-3 

51-8 

53-3 

54-8 

56-3 

57-8 

59-3 

20x25 

44-7 

46-2 

47-8 

49-3 

50-9 

52-4 

53-9 

55-5 

57-0 

58-6 

60-1 

61-6 

21x26 

48-7 

50-4 

52-1 

53-8 

55-3 

57-0 

58-6 

60-4 

62-2 

64-0 

65-6 

67-3 

20x30 

53-3 

55-2 

57-0 

58-8 

60-7 

62-6 

64-6 

66-6 

68-5 

70-3 

72-2 

74-0 

21x31 

58 

60 

62 

64 

66 

68 

70 

72 

74 

76 

78 

80 

20x28 

50 

51-7 

53-4 

55-2 

56-9 

58-6 

60-3 

62 

63-7 

65-4 

67*2 

69 

22^X29 

58-5 

60-5 

62-5 

64-5 

66-5 

68-5 

70-5 

72-5 

74-5 

76-5 

78-5 

80-5 

22x32 

62-8 

65 

67-1 

69-3 

71-5 

73-6 

75-8 

78 

80-2 

82-4 

84-6 

86-8 

21  x34 

63-8 

66 

68-2 

70-4 

72-6 

74-8 

77 

79-2 

81-4 

83-6 

85-8 

88 

22x35 

68-8 

71-2 

73-6 

76 

78-3 

80-7 

83-1 

85-5 

87.9 

90-3 

92-6 

95 

23x34 

69-8 

72-3 

74-7 

77-1 

79-5 

81-9 

84-5 

86-9 

89.3 

91-7 

93-9 

96-4 

24x30 

64-4 

66-6 

68-8 

71 

73-3 

75-5 

77-7 

79-9 

82-2 

84-4 

86-6 

88-8 

24x32 

68-7 

71-1 

73-5 

75-9 

78-2 

80-6 

83 

85-4 

87-8 

90-2 

92-5 

94-8 

24x36 

77.3 

80 

82-6 

85.3 

88 

90-6 

93-3 

96 

98-6 

101 

104 

106 

24x40 

86 

89 

91-5 

94-5 

97-5 

100 

103 

106 

109 

112 

115 

118 

26x36 

83-7 

86-6 

89-5 

92-4 

95-3 

98-2 

101 

104 

107 

109 

110 

111 

27x34 

82-1 

85 

87-8 

90-6 

93-5 

96-3 

99-1 

102 

105 

108 

110 

113 

28x45 

112 

116 

120 

124 

128 

132 

136 

140 

143 

147 

151 

155 

29x44 

114 

118 

122 

126 

130 

134 

138 

141 

145 

149 

153 

157 

29x45 

117 

121 

125 

129 

133 

137 

141 

145 

149 

153 

157 

161 

30x38 

102 

105 

109 

112 

116 

119 

123 

126 

130 

133 

137 

140 

30x46 

123 

127 

131 

136 

140 

144 

148 

153 

157 

161 

165 

170 

31x46 

127 

132 

136 

141 

145 

149 

154 

158 

163 

167 

171 

176 

34x36 

109 

113 

117 

121 

124 

128 

132 

136 

140 

143 

147 

151 

36x36 

116 

120 

124 

128 

132 

136 

140 

144 

148 

152 

156 

160 

36x46 

148 

153 

158 

163 

168 

173 

178 

184 

189 

194 

199 

204 

36x48 

154 

160 

165 

170 

176 

181 

186 

192 

197 

202 

207 

213 

38x48 

163 

169 

174 

180 

185 

191 

197 

202 

208 

214 

219 

225 

40x48 

172 

178 

183 

189 

195 

201 

207 

213 

219 

224 

230 

236 

40x50 

179 

185 

191 

197 

203 

209 

215 

222 

228 

234 

240 

246 

45x56 

225 

233 

241 

249 

256 

264 

272 

280 

287 

295 

303 

311 
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COST  TABLE 

Showing  Prices  per  Ton  from  Id.  to  3Jd.  per  lb., 
less  Discount. 


Id. 

lid. 

Ud. 

Ifd. 

Hd. 

ifd. 

&  s. 

d. 

£  s. 

d. 

£  s. 

d. 

£  s. 

d. 

£  s. 

d. 

£  s.  d. 

Net 

y  D 

o 

n 
u 

11  Id 

12  16 

8 

14  0 

Q 

15    3  4 

H% 

9  4 

4 

10  7 

4i 
9 

11  10 

5 

12  13 

5i 

13  16 

6 

14  19  6^ 

2i% 
31% 

9  2 

0 

10  4 

11  7 

6 

12  10 

3^ 

13  13 

0 

14  15  9 

8  19 

8 

10  2 

li 

11  4 

7 

12  7 

Oh 

13  9 

6 

14  11  111 

5  % 

8  17 

4 

9  19 

6 

11  1 

8 

12    3  10 

13  6 

0 

14    8  2 

8  15 

0 

9  16 

m 

10  18 

9 

12  0 

13  2 

6 

14    4  4^ 

7i% 

8  12 

8 

9  14 

3 

10  15 

10 

11  17 

5 

12  19 

0 

14    0  7^ 

8|% 

8  10 

4 

9  11 

7i 

'  2 

10  12 

11 

11  14 

12  15 

6 

13  16  91 

10  % 

8  8 

0 

9  9 

0 

10  10 

0 

11  11 

0 

12  12 

0 

13  13  0 

lli% 

8  5 

8 

9  6 

4.1- 

10  7 

1 

11  7 

f 

12  8 

6 

13   9  2i 

m% 

8  3 

4 

9  3 

9 

10  4 

2 

11  4 

12  5 

0 

13    5  5 

13f% 

8  1 

0 

9  1 

li 
6 

10  1 

3 

11  1 

*2 

12  1 

6 

13   1  71 

15  % 

7  17 

8 

8  18 

9  18 

4 

10  18 

2 

11  18 

0 

12  17  10 

l|d. 

IJd. 

2d. 

2id. 

2^d. 

&  s. 

d. 

£  s. 

d. 

£  s. 

d. 

£  s. 

d. 

£  s. 

d. 

£  s.  d. 

Net 

16  6 

8 

17  10 

0 

18  13 

4 

19  16 

8 

21  0 

0 

22   3  4 

u% 

16  2 

7 

17  5 

n 

3 

18  8 

8 

19  11 

81 

20  14 

9 

21  17  9^ 

3|% 

15  18 

6 

17  1 

18  4 

0 

19  6 

9 

20  9 

6 

21  12  3 

15  14 

5 

16  16 

m 

17  19 

4 

19  1 

9^ 

20  4 

3 

21    6  8i 

5  % 

15  10 

4 

16  12 

6 

17  14 

8 

18  16 

10 

19  19 

0 

21    1  2 

15  6 

3 

16  8 

li 

17  10 

0 

18  11 

19  13 

9 

20  15  7* 

n% 

15  2 

2 

16  3 

9 

17  5 

4 

18  6 

11 

19  8 

6 

20  10  1" 

81% 

14  18 

1 

15  19 

4i 

17  0 

8 

18  1 

19  3 

3 

20   4  61 

10  % 

14  14 

0 

15  15 

0 

16  16 

0 

17  17 

0 

18  18 

0 

19  19  0 

1U% 

14  9 

11 

15  10 

n 

16  11 

4 

17  12 

18  12 

9 

19  13  5^ 

mx 

14  5 

10 

15  6 

3 

16  6 

8 

17  7 

1 

18  7 

6 

19   7  11 

131% 

14  1 

9 

15  1 

lOi 

16  2 

0 

17  2 

18  2 

3 

19   2  41 

15  % 

13  17 

8 

14  17 

6 

15  17 

4 

16  17 

2 

17  17 

0 

18  16  10 

2|d. 

2|d. 

2|d. 

2jd. 

3d. 

3id. 

£ 

s. 

d. 

£  s. 

d. 

£  s. 

d. 

£  s. 

d. 

£ 

s. 

d. 

£  s.  d. 

Net 

23 

6 

8 

24  10 

0 

25  13 

4 

26  16 

8 

28 

0 

0 

29   3  4 

u% 

2^% 

23 

0 

10 

24  3 

lOi 
9 

25  6 

11 

26  9 

111 

27 

13 

0 

28  16  0^ 

22 

15 

0 

23  17 

25  0 

6 

26  3 

3 

27 

6 

0 

28   8  9 

22 

9 

2 

23  11 

n 

24  14 

1 

25  16 

6^ 

26 

19 

0 

28   1  5^ 

6  % 

22 

3 

4 

23  5 

6 

24  7 

8 

25  9 

10 

26 

12 

9 

27  14  2 

6i% 

21 

17 

6 

22  19 

4i 

24  1 

3 

25  3 

26 

5 

0 

27   6  101 

n% 

21 

11 

8 

22  13 

3 

23  14 

10 

24  16 

5 

25 

18 

0 

26  19  7 

8|% 

21 

5 

10 

22  7 

1^ 

23  8 

5 

24  9 

8^ 

25 

11 

0 

26  12  dh 

10  % 

21 

0 

0 

22  1 

0" 

23  2 

0 

24  3 

0 

25 

4 

0 

26   5  0 

1U% 

20 

14 

2 

21  14 

10^ 
9 

22  15 

7 

23  16 

3^ 

24 

17 

0 

25  17  8i 

mx 

20 

8 

4 

21  8 

22  9 

2 

23  9 

7 

24 

10 

0 

25  10  5 

m% 

20 

2 

6 

21  2 

22  2 

9 

23  2 

lOh 

24 

3 

0 

25   3  1^ 

15  % 

19 

16 

8 

20  16 

6 

21  16 

4 

22  16 

2 

23 

16 

0 

24  15  10 
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COST 

TABLE 

Showing  Prices  per  Ton  from  SM.  to  5d.  per  lb., 

less  Discount. 

6%d. 

Q  I A 

3|d. 

3fd. 

£   s.  d. 

£  s.  d. 

£  s.  d. 

£  s.  d. 

£  s. 

d. 

Net 

30   6  8 

31  10  0 

32  13  4 

33  16  8 

35  0 

0 

■  nx 

29  19  1 

31   2  li 

32    5  2 

33   8  2i 

34  11 

3 

29  11  6 

30  14  3 

31  17  0 

32  19  9 

34  2 

6 

3i% 

29   3  11 

30    6  4i 

31   8  10 

32  11  3J 

33  13 

9 

5  % 

28  16  4 

29  18  6 

31    0  8 

32   2  10 

33  5 

0 

6i% 

28   8  9 

^9  W  7^ 

30  12  6 

31  14  ^ 

32  16 

3 

7i% 
8|% 

28    2  2 

29    2  9 

30   4  4 

31    5  11 

32  7 

6 

27  13  7 

28  14  10^ 

29  16  2 

30  17 

31  18 

9 

10  % 

27   6  0 

28    7  0 

29    8  0 

30   9  0 

31  10 

0 

iH% 

26  18  5 

27  19  1^ 

28  19  10 

30   0  6i 

31  1 

3 

26  10  10 

27  11  3 

28  11  8 

29  12  1 

30  12 

6 

13f% 

26   3  3 

27   3  4^ 

28    3  6 

29   3  7i 

30  3 

9 

15  % 

25  15  8 

26  15  6 

27  15  4 

28  15  2 

29  15 

0 

3^d. 

4:a. 

A  LA 

A  lA 

4|a. 

4td. 

£  s.  d. 

£   s.  d. 

£   s.  d. 

£  s.  d. 

£  s. 

d. 

Net 

36   3  4 

37   6  S 

38  10  0 

39  13  4 

40  16 

8 

li% 

35  14  3i 

36  17  4 

38   0  4i 

39   3  5 

40  6 

5J 

2i% 

35    5  3 

36   8  0 

37  10  9 

38  13  6 

39  16 

S 

3f% 

34  16  2^ 

35  18  8 

37   1  li 

38   3  7 

39  6 

Oh 

5  % 

34    7  2 

35   9  4 

36  11  6 

37  13  8 

38  15  10 

6i% 

33  18  1^ 

35   0  0 

36    1  lOJ 

37   3  9 

38  5 

7i 

7iX 

33   9  1 

34  10  8 

35  12  3 

36  13  10 

37  15 

5 

8|% 

33   0  0^^ 

34   1  4 

35   2  7i 

36    3  11 

37  5 

2h 

10  % 

32  11  0 

33  12  0 

34  13  0 

35  14  0 

36  15 

0 

lli% 

32    1  Hi 

33    2  8 

34    3  4J 

35    4  1 

36  4 

?^ 

12i% 

31  12  11 

32  13  4 

33  13  9 

34  14  2 

35  14 

13f% 

31    3  lOi 

32    4  0 

33    4  IJ 

34    4  3 

35  4 

15  X 

30  14  10 

31  14  8 

32  14  6 

33  14  4 

34  14 

2 

A  lA 

4^d. 

A  5A 

A  3  A 

4fa. 

A  1  A 

4fd. 

5d. 

£  s.  d. 

£  s.  d. 

£   s.  d. 

£   s.  d. 

£  s. 

d. 

Net 

42   0  0 

43   3  4 

44   6  8 

45  10  0 

46  13 

4 

li% 

41   9  6 

42  12  6i 

43  15  7 

44  18  7i 

46  1 

8 

2i% 

40  19  0 

42    1  9 

43   4  6 

44    7  3 

45  10 

0 

3f% 

40   8  6 

41  10  llj 

42  13  5 

43  15  10^ 

44  18 

4 

5  7 

39  18  0 

41    0  2 

42   2  4 

43   4  6 

44  6 

8 

6i% 

39   7  6 

40   9  ^ 

41  11  3 

42  13  U 

43  15 

0 

7^% 

38  17  0 

39  18  7 

41    0  2 

42    1  9 

43  3 

4 

81% 

38   6  6 

39   7  9i 

40   9  1 

41  10  4^ 

42  11 

8 

10  % 

37  16  0 

38  17  0 

39  18  0 

40  19  0 

42  0 

0 

1U% 

37   5  6 

38   6  2i 

39   6  11 

40   7  7i 

41  8 

4 

12i% 

36  15  0 

37  15  5 

38  15  10 

39  16  3 

40  16 

8 

13|% 

36   4  6 

37   4  7i 

38   4  9 

39   4  10^ 

40  5 

0 

15  % 

35  14  0 

36  13  10 

37  13  8 

38  13  6 

39  13 

4 
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CHAPTER  II. 


COMPARATIVE  DEGREES  OF  TEMPERATURE 

As  indicated  by  the  different  thermometers,  viz.  : — 
Fahrenheit,  Centigrade,  and  Reaumur. 

(C.  =  Centigrade  ;  F. = Fahrenheit ;  R.  =  Reaumur. ) 


Fahrenheit  to  Centigrade 

-32) 

=  C.° 

Centigrade  to  Fahrenheit 

32 

=  F. 

Reaumur  to  Fahrenheit 

f  - 

32 

=  F. 

Fahrenheit  to  Reaumur 

|(F.°- 

-32) 

=  R.° 

Centigrade  to  Reaumur 

4C 
5 

=  R. 

Reaumur  to  Centigrade 

5R 
4 

=  C. 

Degrees. 

Degrees. 

jj  ail. 

Re. 

J?  dill. 

vyclltl. 

XVc. 

212 

100 

80 

187 

86*11 

68*89 

211 

99'44 

79*56 

186 

85*55 

68*44 

210 

98*89 

79*11 

185 

85 

68 

209 

98-33 

78*67 

184 

84*44 

67*56 

208 

97-78 

78*22 

183 

83*89 

67*11 

207 

97-22 

77*78 

182 

83-33 

66*67 

206 

96-67 

77*33 

181 

82-78 

66-22 

205 

96-11 

76*89 

180 

82-22 

65-78 

204 

95-55 

76*44 

179 

81*67 

65-33 

203 

95 

76 

178 

81-11 

64-89 

202 

94-44 

75*56 

177 

80-55 

64-44 

201 

93-89 

75*11 

176 

80 

64 

200 

93-33 

74*67 

175 

79-44 

63-56 

199 

92-78 

74*22 

174 

78-89 

6311 

198 

92-22 

73*78 

173 

78-33 

62-67 

197 

91-67 

73-33 

172 

77-78 

62-22 

196 

91-11 

72*89 

171 

77-22 

61-78 

195 

90-55 

72*44 

170 

76*67 

61-33 

194 

90 

72 

169 

76*11 

60-89 

193 

89-44 

71*56 

168 

75*55 

60-44 

192 

88-89 

71*11 

167 

75 

60 

191 

88-33 

70*67 

166 

74*44 

59-56 

190 

87-78 

70*22 

165 

73*89 

59-11 

189 

87-22 

69*78 

164 

73-33 

58-67 

188 

86-67 

69*33 

163 

72*78 

58-22 
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COMPARATIVE  DEGREES  OF  TEMPERATURE— 

continued. 


Degrees. 

Degrees. 

Fah. 

Centi. 

Re. 

Fah. 

Centi. 

Re. 

162 

72-22 

57-78 

127 

52-78 

42-22 

161 

71.67 

57-33 

126 

52-22 

41-78 

160 

71-11 

56-89 

125 

51-67 

41-33 

159 

70-55 

56-44 

124 

51-11 

40-89 

158 

70 

56 

123 

50-55 

40-44 

157 

69-44 

55-56 

122 

50 

40 

156 

68-89 

55-11 

121 

49-44 

39-56 

155 

68-33 

54-67 

120 

48-89 

39-11 

154 

67-78 

54-22 

119 

48-33 

38-67 

153 

67-22 

53-78 

118 

47-79 

38-22 

152 

66-67 

53-33 

117 

47-22 

37-78 

151 

66-11 

52-89 

116 

46-67 

37-33 

150 

65-55 

52-44 

115 

46-11 

36-89 

149 

65 

52 

114 

45-55 

36-44 

148 

64-44 

51-56 

113 

45 

36 

147 

63-89 

51.11 

112 

44-44 

35-56 

146 

63-33 

50-67 

111 

43-89 

35-11 

145 

62-78 

50-22 

110 

43-33 

34-67 

144 

62-22 

49-78 

109 

42-78 

34-22 

143 

61-67 

49  33 

108 

42-22 

33-78 

142 

61-11 

48-89 

107 

41-67 

33-33 

141 

60-55 

48-44 

106 

41-11 

32-89 

140 

60 

48 

105 

40-55 

32-44 

139 

59-44 

47-56 

104 

40 

32 

138 

58-89 

47-11 

103 

39-44 

31-56 

137 

58-33 

46-67 

102 

38-89 

31-11 

136 

57-78 

46-22 

101 

38-33 

30-67 

135 

57-22 

45-78 

100 

37-78 

30-22 

134 

56-67 

45-33 

99 

37-22 

29-78 

133 

56-11 

44-89 

98 

36-67 

29-33 

132 

55-55 

44-44 

97 

36-11 

28-89 

131 

55 

44 

96 

35-55 

28-44 

130 

54-44 

43-56 

95 

35 

28 

129 

53-89 

43-11 

94 

34-44 

27-56 

128 

53-33 

42-67 

93 

33-89 

27-11 
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COMPARATIVE  DEGREES  OF  TEMPERATURE - 


continued. 


D£GBE£S. 

Dkgkees. 

Fah. 

Csnti. 

Re. 

Fah. 

Centi. 

Re. 

92 

33-33 

26-67 

61 

16-11 

12-89 

91 

32-78 

26-22 

60 

15-55 

12-44 

90 

32-22 

25-78 

59 

15 

12 

89 

31-67 

25-33 

58 

14-44 

11-56 

88 

31-11 

24-89 

67 

13-89 

11-11 

87 

30-55 

24-44 

56 

13-33 

10-67 

86 

30 

24 

55 

12-78 

10-22 

85 

29-44 

23-56 

54 

12-22 

9-78 

84 

28-89 

23-11 

53 

11-67 

9-33 

83 

28-33 

22-67 

52 

11-11 

8-89 

82 

27-78 

22-22 

61 

10-55 

8-44 

81 

27-22 

21-78 

50 

10 

8 

80 

26-67 

2] -33 

49 

9-44 

7-56 

79 

26-11 

20.89 

48 

8-89 

7-11 

78 

25-55 

20-44 

47 

8-33 

6-67 

77 

26 

20 

46 

7-78 

6-22 

76 

24-44 

19-56 

45 

7-22 

5-78 

75 

23-89 

19  11 

44 

6-67 

6-33 

74 

23-33 

18-67 

43 

6-11 

4-89 

73 

22-78 

18-22 

42 

5-55 

4-44 

72 

22-22 

17-78 

41 

5 

4 

71 

21-67 

17-33 

40 

4-44 

3-56 

70 

21-11 

16-89 

39 

3-89 

3-11 

69 

20-55 

16-44 

38 

3-33 

2-67 

68 

20 

16 

37 

2-78 

2-22 

67 

19-44 

15-56 

36 

2-22 

1-78 

66 

18-89 

15-11 

35 

1-67 

1-33 

65 

18-33 

14-67 

34 

1-11 

0-89 

64 

17-78 

14-22 

33 

0-55 

0-44 

63 

17-22 

13-78 

32 

0 

0 

62 

16-67 

13-33 
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HEATING  WITH  STEAM. 

A  British  thermal  unit  (B.T.U.)  is  that  amount  of  heat 
required  to  raise  1  lb.  of  water  at  its  maximum  density 
(39*1°  Fah.)  through  one  degree  Fahrenheit. 

The  capacity  of  a  body  for  heat  is  measured  by  determining 
the  number  of  units  of  heat  required  to  raise  that  body  one 
degree  of  temperature. 

The  specific  heat  of  a  body  is  the  ratio  of  the  quantity  of 
heat  required  to  raise  that  body  one  degree  to  the  quantity 
required  to  raise  an  equal  weight  of  water  one  degree.  The 
following  table  gives  the  specific  heats  of  various  bodies  : — 


TABLE  OF  SPECIFIC  HEATS. 

Specific 

Specific 

Heat. 

1 

•  Heat. 

Liquids. 

0-1298 

Water   

1-000 

Cast  Iron  

Caustic  Lye — 

Wrought  Iron  ... 

0-1138 

1-0780  Sp.  Gr.  ... 

0-919 

7Ano 

ZiiliC   

0-0955 

1-0480  „    „  ... 

0-942 

0-0951 

1-0246  „    „  ... 

0-968 

Copper   

1-0124  „  ... 

0-983 

Brass  

0-0939 

Earths,  &c. 

Tin   ... 

0-0569 

Brick  (burnt clay) 

0-185 

Lead  

0-0314 

Gases  (under 
constant  pressure). 

Woods,  &c. 

Air   

0-2379 

Oxygen   

0-2182 

Pine  

0-650 

Nitrogen   

0-2440 

Oak   

0-570 

Carbonic  Acid  ... 

0-2164 

Birch  

0-480 

,5  Oxide.. 

0-2479 

Esparto  Straw, 

Sulphurous  Acid 
(SOJ   

0-1543 

&c.  (about)  .. 

0-550 

Water  Vapour  ... 

0-4750 

Latent  heat  is  the  quantity  of  heat  which  must  be  communi- 
cated to  a  body  in  a  given  state,  in  order  to  convert  it  into 
another  state  without  changing  its  temperature. 
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PROPERTIES  OF  SATURATED  STEAM. 


Absolute 
Pressure 
in  lb.  per 
Sq.  In. 

Pressure 
above 
atmo- 

Tempera- 
ture of 
Boiling" 
Point  in 

Degrees  F. 

Total  Heat 
in  Thermal 
Units  per 
lb.  of  Steam 
from  O''  F. 

Weight  of  1 
Cubic  Foot 
of  Steam 
in  lb. 

Cubic  Feet 
of  Steam 
from  1  Cubic 
Foot  of 

62?  F. 

1 

± 

100.1 

1144*5 

•00^0 

90f^ft9 

9 

1  9ft 
x^o  o 

1151*7 

uuoo 

1  0791 
XUi  £L 

3 

141  "ft 

XtcX  O 

1156*6 

\J\JOO 

7^99 

A 

XUO  X 

1160*1 

•01 1  9 
UX  1^ 

5 

xo^  o 

1162*9 

•01 

vXOO 

4^^97 

a 
o 

1  70-9 

1165*3 

•01  ft^i 

00X0 

4 

1  7ft  -Q 

J  /D  y 

1167*3 

•Ol 

Q 
O 

1  89 'Q 

1169*2 

•091 4. 

2909 

Q 
«7 

XoO  o 

1170*8 

2604 

10 

XaO  O 

1172*3 

*0264 

2358 

1  Q7  ft 

1173*7 

•0281^ 

2157 

12 

909*0 

1175*0 

•0314 

1  QKfi 

X*/Ov> 

1  ^ 

J-Q 

1176*2 

uooo 

1842 

14 

209*6 

1177  *3 

•0362 

1720 

14-  7 

U 

91  9-0 

1178*1 

•O^ftO 

UOOv 

1 649 

u.o 

91  ^^'l 

^XO  1 

1178*4 

1610 

XD 

X  o 

91  ft 
^xo  o 

1179*4 

•04-1 1 

1515 

1  7 

^  o 

91  Q'ft 

1180*3 

•0435 

1431 

xo 

O  O 

222*4 

1181*2 

1357 

X«7 

*  O 

1182*1 

•04-8^ 

V/rrOO 

1290 

90 

O  O 

228*0 

1182*9 

•0507 

1229 

91 
^x 

O  O 

9^0 'ft 

1183*7 

•0531 

1174 

22 

7.Q 
<  O 

iiOO  X 

1184*5 

•0555 

1123 

o  o 

jaOO  O 

1185*2 

*0580 

1075 

94. 

Q«Q 

1185*9 

•OfiOl 

v/DV/X 

1036 

94.0*1 

1186*6 

•Oft9'=» 

99ft 

«/t70 

9ft 

Xi  O 

1187*3 

•0650 

958 

27 

94.4.  .4. 

1187*8 

•Oft  7^ 

926 

9^^ 

-lO  O 

94.ft'4. 

1188*4 

•0696 

895 

9Q 

X*  O 

1189*1 

*0719 

866 

ov/ 

1  Pi'^ 
xo  o 

9f;0'4. 

1189*8 

*0743 

838 

31 

16-3 

252*2 

1190*4 

*0766 

813 

32 

17-3 

254*1 

1190-9 

*0789 

789 

33 

18-3 

255*9 

1191*5 

•0812 

767 

34 

19-3 

257*6 

1192*0 

*0835 

746 

35 

20-3 

259*3 

1192*5 

•0858 

726 

36 

21-3 

260*9 

1193*0 

*0881 

707 
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Properties  of  Saturated  Steam — continued. 


Absolute 
Pressure 
in  lb.  per 
Sq.  In. 

Pressure 
above 
atmo- 
sphere. 

Tempera- 
ture or 
Boiling" 
Point  in 

Degrees  F. 

Total  Heat 
in  Thermal 
Units  per 
lb.  of  Steam 
from  0°  F. 

Weight  of  1 
Cubic  Foot 
of  Steam 
in  ID. 

Cubic  Feet 
of  Steam 
from  1  Cubic 
Foot  of 
w  ater  at 
62°  F. 

0/ 

00. q 

ZdZ  d 

±iyo  0 

uyuo 

688 

00 

90 .0 

0 

9AA'9 
ZD4  Z 

1 1  QA  'H 
l±t74  U 

•nQ9Q 

uyzy 

d71 

QQ 

ov 

OA  Q 
Z4.0 

ZoO  0 

iiy4  0 

uyoz 

boo 

Aft 

ZO  0 

9A7 
ZD/  0 

1 1 QA«Q 

iiy4  y 

•nQ7A 

uy  /  4 

Ci.4  A 

040 

AT 

ZD  0 

91^0  .7 

Zdo  I 

J  ±yo  4 

•HQQ/i 

uyyo 

DZO 

A9 

07. Q 

z  <  u  z 

l±i/0  0 

JUZU 

at  1 
bll 

AQ 

Zo  0 

971 
Z/  i  D 

1  1  QA«9 

iiyD  z 

iU4Z 

oyo 

AA 

OQ.Q 

97Q  'f\ 

1  lyD  D 

iUoO 

000 

A  ~ 

4o 

OU  0 

97J  'A 
Z  /  4  4 

1  1 07. 1 

iiy/  1 

iuoy 

o7z 

AA 

01  0 

Z  /O  0 

iiy/  0 

•  1111 
iiii 

561 

A7 

00. Q 
oZ  0 

97T.1 
Z/  /  'i 

1  1  Q7  'Q 

iiy/  y 

iioo 

K  KA 

ooU 

AQ 

qq.q 

97C»A 
Z  /o  4 

iii/O  0 

iiOO 

KOQ 

ody 

AQ 

QA«<? 
o4  0 

97Q»7 

z/y  / 

1 1  '7 

iiyo  / 

•  1 1  7Q 

ii/y 

529 

Fin 

DU 

00  0 

Zoi  u 

iiyy  i 

•1 9n9 

iZUZ 

K  1  Q 

oio 

01 

00  0 

9Q9»Q 

ZoZ  0 

iiyy  0 

•1  99A 
iZZ4 

KAQ 

oOy 

K9 

07.0 

Zc5o  0 

1  1  QQ.Q 

iit/i/  y 

•1  9A/1 
iZ4D 

500 

00 

00  0 

9ftA«7 
Zo4  / 

iZUU  0 

•1  9^^Q 

izoy 

A  Ql 

CiA 

QQ.q 

9QK  'Q 

zoo  y 

1 9nn 

iZUU  D 

•  1  9Q1 

izyi 

40Z 

00 

9ft7»l 
ZC5/  1 

1 9A1 .A 

iZUi  u 

•1  til  A 
ioi4 

An  A 
474 

00 

A1  'tl 

9QQ  .9 

Zoo  Z 

1 9m 

iZUi  0 

iOOD 

4:DO 

0/ 

A9«^? 

zoy  0 

1 9ni  '7 

iZUi  4 

iOD4 

AKQ 
400 

00 

40  0 

zyu  4 

iZUZ  u 

iooU 

401 

Ou 

AA«^ 

9Q1  'CK 

zyi  D 

1 9A9«A 
XZUZ  4 

.1  4  AO 
x4Uo 

yf  AA 
444 

DU 

40  0 

1  909*7 
XZUZ  I 

•  1  A9Pi 
i4ZO 

Q7 

4o/ 

Dl 

40  0 

9QQ  'ft 

zyo  0 

iZUo  i 

•  1  AA7 
i44/ 

j|  OA 

4d0 

±7.0 
4/  0 

9QA«ft 

zy4  0 

1 9nQ  -A 

iZUO  4 

•  1  AAQ 

i4Dy 

/I  9/( 

4Z4 

DO 

4o  0 

zyo  y 

iZUo  / 

•  1  AQQ 

i4yo 

4l< 

fiA 

D* 

4«7  0 

zyo  y 

iZU4  U 

iOiD 

/111 
4ii 

DO 

OU  0 

9QQ  .n 

zyo  u 

XZU'i  0 

iOOO 

AAK 
4U0 

DO 

01  0 

zyy  u 

iZU4  D 

iODU 

QQQ 

oyy 

Dl 

Oi&  0 

oUU  u 

1  9nA  'Q 
iZU4  v 

iOoo 

QQO 

oyo 

68 

53-3 

300-9 

1205-2 

-1605 

388 

69 

54-3 

301-9 

1205 -0 

-1627 

383 

70 

55-3 

302-9 

1205-8 

-1648 

378 

71 

56-3 

303-9 

1206-1 

-1670 

373 

72 

57-3 

304-8 

1206-3 

•1692 

368 

73 

58 '3 

305-7 

1206-6 

-1714 

363 
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Properties  of  Saturated  Steam — continued. 


Absolute 
Pressure 
in  lb.  per 
Sq.  In. 

Pressure 
above 
atmo- 
sphere. 

Tempera- 
ture or 
Boiling- 

Point  in 

Total  Heat 
in  Thermal 
Units  per 
lb.  of  Steam 
from  0°  F. 

Weight  of  1 
Cubic  Foot 
of  Steam 
in  lb. 

Cubic  Feet 
of  Steam 
from  1  Cubic 
Foot  of 
Water  at 
62«>  F. 

74 

59-3 

306-6 

1206-9 

-1736 

359 

75 

60-3 

307-5 

1207-2 

•1759 

353 

76 

61-3 

308-4 

1207-4 

-1782 

349 

77 

62-3 

309-3 

1207-7 

•1804 

345 

78 

63-3 

310-2 

1208-0 

-1826 

341 

79 

64-3 

311-1 

1208-3 

-1848 

337 

80 

65-3 

312  0 

1208-5 

•1869 

333 

81 

66-3 

312-8 

1208-8 

-1891 

329 

82 

67-3 

313-6 

1209-1 

•1913 

325 

83 

68  3 

314-5 

1209-4 

•1935 

321 

84 

69-3 

315-3 

1209-6 

•1957 

318 

85 

70-3 

316-1 

1209-9 

-1980 

314 

86 

71-3 

316-9 

1210-1 

•2002 

311 

87 

72-3 

317-8 

1210-4 

-2024 

308 

88 

73-3 

318-6 

1210-6 

-2044 

305 

89 

74-3 

319-4 

1210-9 

•2067 

301 

90 

75-3 

320-2 

1211-1 

-2089 

298 

91 

76-3 

321-0 

1211-3 

•2111 

295 

92 

77-3 

321-7 

1211-5 

-2133 

292 

93 

78-3 

322-5 

1211-8 

-2155 

289 

94 

79  3 

323-3 

1212-0 

-2176 

286 

95 

80-3 

324-1 

1212-3 

•2198 

283 

96 

81-3 

324-8 

1212-5 

•2219 

281 

97 

82-3 

325-6 

1212-8 

•2241 

278 

98 

83-3 

326-3 

1213-0 

•2263 

275 

99 

84-3 

327-1 

1213-2 

•2285 

272 

100 

85-3 

327-9 

1213-4 

•2307 

270 

101 

86-3 

328-5 

1213-6 

•2329 

267 

102 

87-3 

329-1 

1113-8 

•2351 

265 

103 

88-3 

329-9 

1214-0 

•2373 

262 

104 

89-3 

330-6 

1214-2 

•2393 

260 

105 

90-3 

331-3 

1214-4 

•2414 

257 

106 

91-3 

331-9 

1214-6 

•2435 

255 

107 

92*3 

332-6 

1214-8 

-2456 

253 

108 

93-3 

333-3 

1215-0 

•2477 

251 

109 

94-3 

334  0 

1215-3 

-2499 

249 

110 

95-3 

334-6 

1215-5 

•2521 

247 
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Properties  of  Saturated  Steam — continued. 


Absolute 
Pressure 
in  lb.  per 
Sq.  In. 

Pressure 
above 
atmo- 
sphere. 

Tempera- 
ture or 
Boiling 
Point  in 

Degrees  F. 

Total  Heat 
in  Thermal 
Units  per 
lb.  of  Steam 
from  O'*  F. 

Weight  of  1 
Cubic  Foot 
01  oieam 
in  lb. 

Cubic  Feet 
of  Steam 
from  1  Cubic 
Foot  of 
Water  at 
62«  F. 

Ill 

96*3 

335*3 

1215*7 

-2543 

245 

112 

97*3 

336*0 

1215*9 

•2564 

243 

113 

98*3 

336*7 

1216*1 

-2586 

241 

114 

99-3 

337*4 

1216*3 

-2607 

239 

115 

100*3 

338  0 

1216*5 

-2628 

237 

116 

101*3 

338-6 

1216*7 

-2649 

285 

117 

102*3 

339-3 

1216-9 

-2674 

283 

118 

103-3 

339*9 

1217-1 

•2696 

231 

119 

104*3 

340*5 

1217*3 

-2738 

229 

120 

105*3 

341*1 

1217-4 

*2759 

227 

121 

106*3 

341*8 

1217*6 

*2780 

225 

122 

107*3 

342*4 

1217.8 

*2801 

224 

123 

108*3 

343.0 

1218*0 

*2822 

222 

124 

109*3 

343*6 

1218*2 

*2845 

221 

125 

110*3 

344-2 

1218*4 

•2867 

219 

126 

111*3 

344-8 

1218*6 

•2889 

217 

127 

112*3 

345-4 

1218*8 

•2911 

215 

128 

113*3 

346*0 

1218-9 

•2933 

214 

129 

114  *3 

346*6 

1219-1 

•2955 

212 

130 

115*3 

347-2 

1219*3 

•2977 

211 

131 

116*3 

317*8 

1219*5 

•2999 

209 

132 

117*3 

348*3 

1219*6 

*3020 

208 

133 

118*3 

348*9 

1219*8 

•3040 

206 

134 

119*3 

349*5 

1220-0 

•3060 

205 

135 

120*3 

350*1 

1220*2 

•3080 

203 

136 

121*3 

350-6 

1220*3 

•3101 

202 

137 

122*3 

351*2 

1220*5 

•3121 

200 

138 

123*3 

351*8 

1220*7 

3142 

199 

139 

124*3 

352*4 

1220*9 

•3162 

198 

140 

125*3 

352*9 

1221-0 

•3184 

197 

141 

126*3 

353*5 

1221-2 

*3206 

195 

142 

127*3 

354*0 

1221-4 

*3228 

194 

143 

128*3 

354*5 

1221-6 

•3250 

193 

144 

129*3 

855*0 

1221-7 

•3273 

192 

145 

130-3 

355*6 

1221-9 

*3294 

190 

146 

131*3 

356*1 

1222-0 

*3315 

189 

147 

132-3 

356*7 

1222-2 

*3336 

188 
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Properties  of  Saturated  Steam — continued. 


Absolute 
Pressure 
in  lb.  per 
Sq.  In. 

Pressure 
above 

sphere. 

Tempera- 
ture or 
Boiling 
Point  in 

Degrees  F. 

Total  Heat 
in  Thermal 
Units  per 
lb.  of  Steam 
irom  u  J? . 

Weight  of  1 
Cubic  Foot 
of  Steam 
in  lb. 

^^U.Ul*-'  J;  ecu 

of  Steam 
from  1  Cubic 
Foot  of 
Water  at 
620  F. 

148 

133-3 

357-2 

1222-3 

-3357 

187 

149 

134-3 

357-8 

1222-5 

•3377 

186 

150 

135-3 

358-3 

1222-7 

-3397 

184 

155 

140-3 

361-0 

1223-5 

-3500 

179 

160 

145-3 

363-4 

1224-2 

-3607 

174 

165 

150-3 

366-0 

1224-9 

-3714 

169 

170 

155-3 

368-2 

1225-7 

•3821 

164 

175 

160-3 

370-8 

1226-4 

-3928 

159 

180 

165-3 

372-9 

1227-1 

•4035 

155 

185 

170-3 

375-3 

1227-8 

•4142 

151 

190 

175-3 

377-5 

1228-5 

-4250 

148 

195 

180-3 

379-7 

1229-2 

•4357 

144 

200 

185-3 

381-7 

1229-8 

•4464 

141 

210 

195-3 

386-0 

1231-1 

•4668 

135 

220 

205-3 

389-9 

1232-3 

•4872 

129 

230 

215-3 

393-8 

1233-5 

•5072 

123 

Heat  can  best  be  conveyed  from  one  point  of  a  factory  to 
another  by  means  of  steam.  To  do  so  economically  the  steam 
pipes  should  be  well  arranged  and  protected  by  non-radiating 
felt,  or  other  like  substance,  and  be  superheated.  The  various 
operations  of  heating,  boiling,  and  drying  are  carried  out  in 
paper  mills  by  means  of  steam,  and  the  following  modes  of 
calculating  the  quantity  of  steam  required  in  the  different 
processes  of  manufacture  are  based  upon  well-known  scientific 
methods  and  data. 

Heating  liquids,  &c.,  with  steam: — When  steam  con- 
denses to  water  of  temperature  t,  the  British  thermal  units 
which  1  lb.  of  it  will  give  out  is  represented  by  the  equation 
T  —  ^  =  X  ;  in  which  T  represents  the  total  units  of  heat 
reckoned  from  0^  Fah.,  which  1  lb.  of  the  steam  contains 
(see  table,  page  40),  and  x  the  total  thermal  units  made  avail- 
able for  heating.  Thus,  1  lb.  of  steam  at  70  lbs.  pressure  above 
atmosphere  (=85  lbs.  pressure  in  col.  1  of  the  table,  page  42) 
contains  1,209*9  British  thermal  units,  and  if  it  be  condensed 
to  water  of  120^  Fah.  (t  in  the  formula),  the  heat  rendered 
available  for  heating  is  equal  to  1,209*9 — 120  =  1,089*9  units. 
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A  liquid  may  be  heated  by  injecting  steam  into  it,  or  by 
passing  steam  through  a  coil  immersed  in  it,  or  by  means  of 
a  steam  jacketed  pan.  The  simplest  case  occurring  in  paper 
mills  is  heating  water  or  other  liquids,  &c.,  in  metal  tanks  or 
boilers,  and  the  steam  used  to  raise  the  temperature  of  the 
vessel  and  its  contents  may  be  ascertained  from  the  following 
formula : — 

(w  s  -\-  ms'  )(t I — 

in  which    .s-  =  lbs.  of  steam  required. 

T  =  British  thermal  units  contained  in  1  lb.  of 

steam  at  the  prevailing  pressure. 
t .  —  The  final  temperature  in  ^Fah.  to  which  the 
water  or  other  definite  liquid  has  to  be  heated. 
t  ;^  —  The  temperature  in  °Fah.  of  the  water  or  liquid 

before  heating. 
w  —  The  weight  in  lbs.  of  the  water  or  liquid. 
s  =z  The  specific  heat  of  water  or  other  liquid. 
rn  =  Weight  in  lbs.  of  the  metal  vessel. 

—  The  specific  heat  of  the  metal  of  which  the 
vessel  is  composed. 

Example : — A  wrought-iron  vessel,  weighing  10  cwts. 
(1,120  lbs.),  contained  300  gallons  of  water  (3,000  lbs.)  at  a 
temperature  of  72°  Fah.  (t^  ),  and  it  was  desired  to  heat  the 

same  to  184°  Fah.  by  injecting  steam  of  70  lbs.  pressure  above 
atmosphere  into  it.  In  this  case  w  =  3,000  lbs.;  s  =  VOO ; 
m  =  1,120;      =  0*113;  T  =  1,209-9;        =  184^,  and  t  ^ 

=  12°.  Substituting  these  values  in  the  above  formula,  we 
have 

(8,000  X  1-00  +  1,120  X  0'113)  (184  —  72) 

  =  341-3. 

1,209-9  —  184. 

Or,  in  other  words,  341*3  lbs.  of  the  steam  were  required  to  raise 
the  vessel  and  water  from  72°  Fah.  to  184°  Fah.,  or  through 
112  degrees. 

Instances  in  which  liquids  together  with  solids,  in  different 
proportions,  and  possessing  different  specific  heat  values,  are 
to  be  heated  are  frequently  met  with,  as  in  the  heating  of  a 
pocher  of  pulp  while  bleaching ;  or  in  digesting  esparto,  straw 
or  wood  in  caustic  soda  lyes  ;  or  "  bisulphite  "  of  lime,  soda, 
or  magnesia.  The  weights  of  the  various  solids  and  liquids 
composing  the  charge,  and  that  part  of  the  apparatus  which 
must  be  heated,  may  be  represented  by  w,  w',  w",  w"\  .  .  &c  . 


4 


46 


and  their  respective  specific  heat  values  by  s,  s',  s",  s''%  .... 
and  a  general  formula  may  be  written  applicable  to  all  cases  in 
which  simple  heating  by  injected  steam  takes  place,  viz.  : — 


As  examples  of  the  application  of  this  formula  to  three 
different  but  commonly  occurring  cases  in  paper  mill  work  we 
give  the  following  : — 

Hot  Bleaching : — A  cast-iron  pocher,  30  feet  long  x 
12  feet  broad  x  4  feet  6  inches  deep,  of  a  total  calculated 
capacity  of  1,316  cubic  feet  contained  1,170  cubic  feet  of  a 
mixture  of  pulp  and  water  (very  weak  bleach  liquor).  One 
cubic  foot  of  the  mixture  of  pulp  and  water  contained  1*833  lbs. 
of  air-dry  pulp  (10%  water),  or  the  total  quantity  of  air-dry 
pulp  in  the  pocher  was  2,144  lbs.  (w').  The  weight  of  water 
associated  with  it  was  nearly  71,000  lbs.  (w) ;  the  cast-iron 
pocher  itself  weighed  nearly  10  tons  =  22,400  lbs.  {w"). 
The  initial  temperature  of  pulp,  water,  and  pocher  was 
54°  Fah.  (t^  ),  and  this  was  to  be  heated  to  120°  Fah.  {t y ),  or 

through  66°  Fah.  with  steam  of  85  pressure  per  square  inch 
above  atmosphere  (T).  The  specific  heat  values  of  cellulose 
=  0*55,  of  water  1*00,  and  of  cast-iron  0*130.  Substituting 
these  values  in  the  above  formula,  we  have — 

(71,000  X  1-00  +  2,144  X  0-55  +  22,400  X  0-13) (120 -54) 

 =  4,532=5. 

1,213-4—120 

Or,  4,532  lbs.  of  steam  were  required  to  perform  the  above 
work.  Assuming  one  ton  of  air-dry  pulp  to  yield  one  ton  of 
paper,  the  amount  of  steam  required  for  hot  bleaching  in  the 
above  case  was  4,735  lbs.  (nearly). 


Digesting  Esparto  in  Vomiting  Boilers. 
Weight  of  caustic  lye 

=  15,751  lbs.  =  w  ;  specific  heat  of  caustic  lye    =  0-96  =  5. 
Weight  of  esparto 

=  5,600  lbs.  =  w';  specific  heat  of  esparto  =  0*60  =  5' 
Weight  of  wrought-iron  boiler 

=  11,200  lbs.  =  w";  specific  heat  of  wrought  iron  =  0*113  =s'' 

Initial  temperature  ^^-=120°  Fah.,  final  temperature  t y 

=  '259*3°  Fah.,  equal  to  20  lbs.  pressure  per  square  inch  above 
atmosphere.  The  pressure  of  steam  used  for  heating  was  90  lbs. 
above  atmosphere,  and  1  lb.  of  it  contained  1214*4  B.T.  units, 
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T  in  the  formula.  We  have  therefore  by  substitution,  as  in 
the  previous  case — 

(15,751  X  0-96+5,600  X  0-60+11,200  X  0-113)  (259 -3 -120) 

■  =  2,880. 

1,214-4  -  259-3 

Or,  S  equals  2,880  lbs.  of  steam  required  to  heat  the  esparto 
boiler  and  its  contents  from  120°  Fah.  to  a  temperature  of 
259-3°  Fah. 

Digesting  Straw  in  Kevolving  Boilers. 
Weight  of  caustic  lye 

=  16,926  lbs.  =       specific  heat  of  caustic  lye      =  0*96  =  s. 
Weight  of  straw 

=  4,480  lbs.  =  w';  specific  heat  of  straw  =  0*60  =  s'. 

Weight  of  wrought-iron  boiler 

=  15,680  lbs.  =  w" specific  heat  of  wrought-iron  i: 0-113  =  s". 

Initial  temperature  ^   =  110°  Fah.,  final  temperature  t  j 

=  287-1°  Fah.,  equal  to  40  lbs.  of  steam  pressure  per  square 
inch  above  atmosphere.  The  pressure  of  steam  used  for  heating 
was  90  lbs.  above  atmosphere,  and  1  lb.  of  it  contained 
1,214-4  B.T.  units,  T  in  the  formula.  We  have  therefore  by 
substitution,  as  above — 

(16,926  X  0-96+4,480  x  0-60  + 15,680  x  0-113)  (287-1-110) 

 =3,955. 

1,214-4-287-1 

Or,  S  in  this  case  equals  3,955  lbs.  of  steam  required  to  heat 
the  boiler  and  its  contents  from  110°  Fah.  to  287-1°  Fah. 

Digesting  Wood  in  Caustic  Soda  Lye. 

In  this  case  the  item  of  moisture  in  the  wood  chips  should 
be  taken  into  account,  as  it  varies  from  15  to  40  per  cent., 
according  to  circumstances  of  climate,  &c.  Instead  of  adding 
the  quantity  of  water  in  the  wood  to  the  weight  of  the  caustic 
lye,  it  is  best  to  treat  it  as  a  separate  item  in  the  formula,  w'" 
representing  its  weight  in  lbs.  and  s'^'  the  specific  heat  of 
water.  The  particulars  of  the  "  charge,"  &c.,  and  the  conditions 
of  boiling  are  represented  by  the  following : — 

Weight  of  wood  chips  (dried  at  212"^  Fah.) 
4,892  lbs.  —  w  ;  specific  heat  of  wood  =0*55  =  5 

Weight  of  caustic  lye  (5  -0  per  cent.  Nag  O) 
21,400  lbs.  =  w*  ;  specific  heat  of  caustic  lye   =0*94  =  s 
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Weight  of  wrought-iron  digester 

13,440  lbs.  =  w"  •  specific  heat  of  wrought-iron  =0-113  =  s" 
Weight  of  water  in  wood  chips 

1,380  lbs.  =  w'"  ;  specific  heat  of  water        =1*00  =  s'" 

Initial  temperature  t  ^  =150°  Fah.,  final  temperature  = 

350*1°  Fah.,  equal  to  a  pressure  of  120  lbs.  per  square  inch 
above  atmosphere.  The  pressure  of  steam  used  for  heating 
was  130  lbs.  per  square  inch  above  atmosphere,  and  therefore 
T  =  1221-9  B.T.  units.  Again,  by  substitution  as  before, 
we  have — 

(4,892 X 0-55+ 21,400 X 0-94+13,440 X 0-113+  1,380x1-00)  (350-1-150) 
1,221 -O-SSO'l  ^ 

Or  S  equals  5,900  lbs.  of  steam,  the  amount  required  to  heat 
the  digester  and  its  contents  to  maximum  temperature  or 
pressure. 

N.B—In  all  the  foregoing  cases  the  steam  is  injected  direct 
into  the  contents  of  the  digester,  and  the  formula  is  applicable 
only  to  such  cases. 

The  formula  requires  alteration  when  the  digester  and  its 
contents  are  heated  by  means  of  a  steam  jacket  or  steam  coil. 
Were  the  heating  to  take  place  by  very  gradual  and  equal 

increments  of  heat,  then  the  mean  temperature   would 

represent  the  average  temperature  of  the  condensed  water. 
As  a  matter  of  fact,  however,  the  ejected  water  is  always 
higher  than  the  contents  of  the  digester,  especially  when  a  steam 
jacket  is  used.  The  difference  is  not  so  much  with  steam 
coils.    The  divisor  T—t y  in  the  above  general  formula  should 

be  changed  to  T  in  each  case,  but  for  the  reason 

stated,  it  is  best  to  take  periodic  observations  of  the  tem- 
perature of  the  condensed  water  flowing  from  the  coil  or 

jacket,  and  use  this  average  temperature      instead  ofli — 

2 

In  all  cases,  therefore,  in  which  heating  by  steam  coil  or 
jacket  takes  place  the  following  formula  is  applicable,  viz. : — 
(tv  s  +  w' s'  +  w"  s"  +  w'"      H-  .    .    .    )  (y  —t^  ) 


'z:  S 


T  t 


in  which  is  the  average  observed  temperature  of  the 
condensed  water  passing  away  from  the  coils  or  jacket,  the 
other  factors  in  the  formula  having  the  same  significance  as 
before. 
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Digesting  Wood  in  Steam  Jacketed  Boilers  (Bisul- 
phite process). — As  an  example  of  the  application  of  this 
formula,  a  steam  jacketed  lead  lined,  sulphite  digester,  in 
which  wood  pulp  was  being  prepared,  was  heated  with  steam 
of  90  lbs.  pressure  per  square  inch  above  atmosphere,  the 
weight  of  digester  and  its  "  charge,"  &c.,  being  as  follows  : — 

Weight  of  wood  chips  dried  at  212°  Fah. 

4,655  lbs.  —  w ;  specific  heat  of  wood  z:  0*55  z:  5 

Weight  of  bisulphite  liquor 

24,800  lbs.  zz  w' ;  specific  heat  of  liquor  n  0-98  z:  s' 

Weight  of  water  in  the  wood 

1,482  lbs.  =  w"  ;  specific  heat  of  water  —  I'OO  z:  s" 

Weight  of  wrought-iron  digester 

29,120  lbs.  —  w'"  ;  specific  heat  of  wrought  ironz:0'113i:s'" 

Weight  of  lead  lining 

6,496  lbs.  w""  ;  specific  heat  of  lead  -  0-0314  =:  s"" 

Initial  temperature      =70°  Fah.,  final  temperature  z: 

278°  Fah.  The  average  temperature  of  condensed  water  from 
the  jacket,  having  due  regard  to  quantity  in  equal  intervals  of 
time,  was  209°  Fah.  ii        T  z:  1,214-4  B.T.  units,  equivalent 

to  90  lbs.  steam  pressure  above  atmosphere.  By  substitution, 
we  have : — 

(4,655  X  0-55  +  24,800  X  0*98  +  1,482  X  I'OO  +  29,120 X 0*113+6,496 XO'OSU^ 
1,214-4—209. 

Or  S  equals  6,587  lbs.,  the  amount  of  steam  required  to  heat 
the  digester  and  its  contents  to  maximum  temperature 
278°  Fah. 

Note. — As  this  digester  yielded  23^  cwts.  of  air-dry 

cellulose  per  charge,  the  steam  required  per  ton  was^'^^^  '^^^ 

or  5,606  lbs.  (nearly). 

As  above  indicated,  careful  observations  of  the  temperature 
and  volume  of  the  condensed  water  from  the  jacket  should  be 
made  at  equal  intervals  of  time  throughout  the  cooking,  but 
having  regard  to  the  difficulties  of  making  these  observations 
accurately,  the  simplest  mode  of  ascertaining  the  steam  used 
is  to  measure  the  condensed  water.  A  series  of  observations 
made  in  this  way  with  digesters  of  the  jacketed  type,  protected 
with  non-radiating  cement,  &c.,  and  yielding  23|  cwt.  of  air- 
dry  pulp,  gave  an  average  of  8,556  lbs.  of  steam  for  heating  per 
charge  or  6,587  lbs.  steam  per  ton  of  air-dry  cellulose.  This 
amount  includes  that  condensed  through  loss  of  heat  by 
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radiation  from  the  sides  of  the  digester,  and  also  the  amount 
of  steam  blown  off  from  the  interior  of  the  digester  during 
the  cooking  operation.  The  difference  between  that  found 
bj  calculation  and  by  measurement — viz.,  8,556 — 6,587—1,960 
— represents  these  two  losses  plus  errors  of  observation,  &c. 
This  difference  is  equivalent  to  23*0  per  cent,  of  the  total  steam 
used. 

No  allowance  has  been  made  in  these  formulae  for  loss  of 
heat  hj  radiation  from  the  sides  of  the  digester  or  boiler,  and 
therefore  this  loss  should  be  ascertained  with  a  water  calori- 
meter, and  the  amount  added  to  the  figure  obtained  by 
calculation.  The  moisture  in  the  steam  in  those  works,  where 
superheating  is  absent,  may  also  be  allowed  for.  Although 
there  is  no  definite  evidence  to  show  that  heat  is  generated  or 
absorbed  in  the  chemical  action  going  on  inside  the  digester 
between  the  resolving  fluid  and  the  raw  fibrous  stock,  yet  it  is 
perhaps  reasonable  to  infer  that  some  such  absorption  or 
generation  of  heat  does  take  place  in  specific  cases,  but  the 
amount  is  small  compared  with  that  required  to  raise  the 
digester  and  contents  to  maximum  temperature,  and  may 
therefore  be  neglected. 


Drying  Pulp  or  Paper. 

The  steam  required  to  dry  one  ton  of  pulp  on  the  machine 
may  be  ascertained  by  the  following  formula : — 

x{T-t^)-\-ws(tf-t-) 

s  =  ^  


in  which    s  =  lbs.  of  steam  required. 

X  =  Weight  of  water  in  lbs.  which  has  to  be  evapo- 
rated for  each  ton  of  air-dry  cellulose  made. 
w  =  Weight  of  air-dry  cellulose  (=  2,240  lbs.) 
s  —  Specific  heat  of  air-dry  cellulose. 
1 1^  =  The  initial    temperature  of  pulp  and  water 

running  on  to  the  wire. 
t  f  —  The  final  or  maximum  temperature  to  which 

the  pulp  is  heated  on  the  drying  cylinders. 
T  =  The  total  heat  units  contained  in  1  lb.  of  steam 
at  212°  Fah.  under  atmospheric  pressure. 
T^  =  The  total  heat  units  contained  in  1  lb.  of  steam 
at  the  pressure  prevailing  within  the  drying 
cylinders. 

X  is  ascertained  by  estimating  the  water  in  pulp  after  passing 
the  press  rolls,  and  again  after  having  passed  over  the  drying 
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cylinders.  By  a  simple  calculation  the  water  to  be  evaporated 
by  the  drying  cylinders  can  be  obtained.  For  well-known 
reasons  t j'  cannot  very  well  exceed  212°  Pah. 

Example:—    x  =  3,065  lbs.    w  =  2,240.    s  =  0-55. 
t-  =  59^  Fah.        =  240°  Fah. 

T  =  1,178  and       =  1,190. 

By  substitution  we  have : — 

3,065  (1,178  -  59)  +  2,240  X  0-55  (240  -  59) 

 =  3,845  =  S. 

1  190  -  240. 

Or,  the  amount  of  steam  required  to  dry  one  ton  of  cellulose. 
The  foregoing  is  the  actual  work  done  on  a  pulp  drying 
machine. 

The  water  condensed  inside  the  drying  cylinders  of  the 
machine  gave  by  measurement  5,080  lbs.  per  ton  of  air-dry 
pulp,  and  deducting  from  this  the  3,845  lbs.  found  by  calcula- 
tion, leaves  1,235  lbs.,  representing  loss  of  heat  by  radiation, 
moisture  in  steam,  &c. 
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SODA  RECOVERY. 

Esk  Mills,  with  Triple  effect  Yaryan  and  Jardin's  reversible 
roaster.   Liquors  from  Esparto  boiling. 

Twaddell  of  feed  liq. .       ..    ...     7°)        3.0  T^ad. 

concentrated  liq.  ...    42  ) 

70%  Caustic  used,  190  cwts.    =    277  cwts,  4:8°/o  ash. 
487o  Soda  ash  recovered         =    512  ,, 

Total  48%  used      789  cwts. 

487o  Ash  recovered      606  cwts  =  76-8% 

Coal. — 

Tons.         Cwts.  per  Ton  of  ash 
Consumed  at  Yaryan    ...    33-35  =  2 If  at  Yaryan  boiler. 
,5        roaster    ...     7*55=   4|  at  roaster. 

Total  for  Yaryan  and  roaster     26|^  c  wts. 

Labour. — Cost  of  labour  at  Yaryan  and  roaster,  5s.  per 
ton  of  ash  recovered. — Paper  Trade  Review. 
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CHAPTER  III. 


Table  showing  Losses  on  Raw  Material  during  the 
various  operations. 

The  percentage  of  moisture  in  rags  varies  from  3  to  6  ^. 

(J.  W.  Wtatt.) 
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JUTE. 

The  following  proportions  of  lime,  &c.,  are  recommended 
for  the  treatment  of  this  fibre. 


Boiling. — 


New  fine      Coarse  old 
quality  quality 
Jute.  Jute. 


100  parts  require — 

Lime    20  25 

Caustic  Soda  (as  Nag  O)      ...       —  4 

Pressure  per  square  inch      ...       30  60 

Temperature   248°  Fah.  290°  Fah. 

Hours  under  pressure   10  8 


Losses  in  the  treatment  in  mill,  &c. — 


Moisture   

6% 

10  7o 

Dusting   

2% 
2-5  % 

2-5  °/o 

Cutting 

2-5  °U 

Dressing   

3-5  % 

5-0% 
20-0% 
3-0  7o 

Boiling  and  Washing 

..  16-0 

Brealting 

1  St  Bleaching 

..  10-0°/, 

8-0°/o 

2nd  „ 

5-0  °/„ 

4-0  % 

Totals  ...  47-5%  55-0  7, 
(See  page  70.) 


BOILING  ESPARTO. 

The  manufacturing  conditionsf  or  boiling  esparto,  2.  e. ,  the  steam 
pressure  or  temperature,  the  proportionate  weight  of  caustic 
soda  to  grass,  and  the  length  of  time  the  charge  is  kept  under 
pressure,  vary  almost  in  every  factory.  Some  manufacturers 
employ  a  high  pressure  with  a  moderate  excess  of  caustic,  and 
thus  reduce  the  time  for  digesting,  and  obtain  the  maximum 
yield  of  cellulose. 


56 


The  following  figures  are  taken  from  actual  practice,  and 
represent  fairly  good  work  : — 


Variety  of  Esparto. 

Spanish. 

Tripoli. 

Weight  of  charge  ...   

0\f  Kj  W  I/O, 

Gallons  of  Caustic  Lye  per  charge 

1,570 

1,570 

Lbs.  of  60  %  Caustic  Soda  per  gallon  of 

Lye  

0-509 

0*649 

Total  lbs.  of  dry  60  %  Caustic  Soda  per 

charge 

900 

1,020 

Lbs.  of  60  %  Caustic  Soda  per  cwt.  of 

Esparto     

18 

20-4 

Steam  pressure  maximum  ... 

20 

20 

Time  under  pressure  in  hours   

3 

Yield  of  unbleached  air-dry  pulp  (10  % 

water)    ...   

44/45^ 

41/42^ 

Notes. — The  caustic  lye  above  was  partly  from  recovered  ash 
and  partly  from  cream  caustic  soda.  The  above  volume  of 
lye,  and  the  soda  it  contained,  were  in  both  cases  accurately 
measured,  the  latter  by  chemical  test. 

The  capacity  of  the  esparto  boiler  in  use  was  540  cubic 
feet  (8  ft.  9  in.  diameter  by  9  ft.  high),  and  of  the  usual 
vomiting  type.  The  space  within  the  boiler,  occupied  by 
50  cwts.  of  the  grass  after  it  was  cooked  and  drained,  was 
300  cubic  feet. 

The  yield  of  fibre  from  espartos  is  generally  reckoned  on 
the  amount  of  paper  they  produce.  On  an  average  100 
parts  of  grass  will  yield  from  43  to  50  parts  finished  paper, 
depending  upon  the  class  and  composition  of  the  paper,  and 
general  equipment  of  the  paper  mill,  with  regard  to 
economical  working. 


STRAW  PULP  MANUFACTURE. 

Kinds  of  straw  employed — barley,  oat,  wheat,  and  rye. 

Barley  straw  yields  a  short,  very  soft  fibre  of  low  felting 
power.    Knots  and  husks  are  soft,  and  straw  is  easily  digested. 

Oat  straw  is  usually  harder,  and  knots  and  husks  are  more 
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difficult  to  digest.  Fibres  are  comparatively  long,  soft,  and  of 
medium  felting  power. 

Wheat  and  rye  straws  are  somewhat  closely  allied  to  one 
another,  they  both  yield  long  fibres  of  good  felting  power. 
Kye  straw  yields  excellent  cellulose. 

Manufacturing  operations : — The  straw  is  first  of  all  freed 
from  weeds  by  hand  picking,  then  dusted  and  cut  by  machinery 
into  chaff  ^  inch  to  1^  inch  long.  Both  the  picking  and 
dusting  should  be  done  thoroughly  to  ensure  the  product  being 
clean.  The  cut  straw  is  then  digested  in  caustic  soda  lye  in 
rotary  digesters. 

The  following  figures  represent  the  proportion  of  lye  and 
straw  and  other  conditions  of  the  digester  charge  : — 

Weight  of  straw  (mixture  of  oat  and  wheat). 

4,480  lbs.  (40  cwts.) 

Gallons  of  caustic  lye    1,610  ,, 

Hours  under  steam  pressure      ...  4 

Steam  pressure  above  atmosphere  60  lbs.  per  sq.  in. 

Maximum  temperature  ...       ...         307°  Fah. 

Composition  of  above  caustic  lye  : 

Twaddell   10^° 

Total  weight  in  lbs   16,945 

Percentage  by  volume  of  Nag  O  (soda)  3*249 
,,         ,,         ,,       60^  caustic  soda    6 '4 16 
Total  60%  caustic  soda  in  lbs.     ...  872 
Lbs.  of  60^  caustic  used  per 

1  cwt.  of  straw    =     21  8 

These  figures  are  from  actual  practice. 

The  caustic  lye  was  made  partly  from  recovered  ash. 

An  average  of  equal  quantities  of  barley,  oat,  wheat,  and 
rye  straws  will  yield  40  to  41  per  cent,  of  air-dry  bleached 
cellulose.  The  bleaching  powder  required  to  bleach  one  ton 
of  straw  cellulose  is  from  3  cwts.  2  qrs.  10  lbs.  to  4  cwts. 
dry  35  per  cent,  bleach.  This  varies,  however,  with  the  pro- 
portion of  caustic  to  straw  and  temperature  used  for  digesting, 
as  also  the  method  of  bleaching. 

Barley  straw  requires  20  per  cent,  less  caustic  soda  than  oat, 
wheat,  or  rye.  The  amount  of  digester  capacity  required  per 
ton  of  bleached  air-dry  straw  pulp  per  week  varies  from  120 
to  150  cubic  feet.  The  mechanical  power  required  in  straw 
pulp  factories  is  about  3  to  3;^  I.H.P.  per  ton  of  air-dry  pulp 
made  per  week 
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WOOD   CELLULOSE  MANUFACTUEE. 

There  are  three  distinct  processes  of  manufacture  in  use 
at  present — viz.,  the  caustic  soda  process,  the  so-called 
"  sulphate  "  process,  and  the  "  sulphite  "  or  "  bisulphite  " 
process. 

Soda  Process. — This  is  the  oldest  method,  and  consists  in 
digesting  wood  in  caustic  soda  lye  at  temperatures  ranging 
from  338°  to  355°  Fah.,  corresponding  to  a  steam  pressure  of 
100  to  130  lbs.  per  square  inch  above  atmosphere.  The  yield 
of  pulp  varies  indirectly  with  the  proportion  of  caustic  soda 
used,  as  in  the  preparation  of  straw  cellulose.  Originally  the 
digesters  were  heated  by  direct  fire,  but  now  injected  high- 
pressure  steam  is  used,  the  boilers  being  either  rotating  spheres 
or  upright  stationary  cylinders.  In  the  latter  case,  the  heating 
is  effected  by  injecting  high-pressure  steam  into  the  charge  at 
the  lowest  part  of  the  digester ;  in  the  former,  the  steam  is 
injected  through  the  trunnion  ends. 

E.  Hennefeld  gives  the  following  as  representing  Swedish 
practice.  There  are  two  \arieties  of  timber  suitable  for  pulj) 
making  in  that  country,  Eohre  and  Gran — z.e.,  pine  and  white 
spruce.  Size  of  the  trees  are  about  15  cm.  dia.  (=6  inches). 
The  trees  are  separated  into  three  different  sizes — viz., 
15  —  25  cm.  dia.,  25  —  35  cm.,  and  35  cm.  and  over.  The 
logs,  after  being  barked  by  hand  or  machine,  are  cut  into  pieces 
12  m.m.  X  12  m.m.  x  4  m.m.  thick.  The  pnlp  digester  in  this 
particular  case  held  8^  cubic  metres  of  chopped  and  cleaned 
wood.  The  volume  of  caustic  soda  lye  per  charge= 6,000  litres 
(=1,320-7  gallons),  and  contained  75  kilos,  of  soda  (Na^  O) 
per  cubic  metre  of  wood.  The  pulp  boilers  were  heated  by 
direct  steam  to  125  lbs.  pressure  above  atmosphere  (353° Fah.). 
The  length  of  time  this  pressure  was  maintained  varied  with  the 
size  (or  age)  of  the  pulp  wood,  thus  : — 

35  cm.  dia.  and  above,  the  pressure  is  maintained  for  2  hours. 
35  —  25  cm.       „  ,,  „  „       1^  „ 

25     15  ,,         ,,  ,,  ,,  1 

Each  charge  of  the  digester  yields  1,240  kilos.  =  to  24*35 
cwts.  of  air-dry  unbleached  pulp  =  145*9  kilos,  per  cubic 
metre  of  pulp  wood. 

From  the  above  figures  the  following  are  deduced : — 

60%  caustic  soda  required  per  ton  of  air-drypulp  =  14*75  cwts 
Air-dry  pulp  per  charge    ...       ...       ...       =24*35  ,, 


61 


Qr^OTl<CO^-•^o050005■*OT^^^-<OCOCO 


t/j  lO  CO  CO  05  i-l  00       Oi  CO       CO  00       rH -^H 
,2l>-00»O-*l^iQl>>CD<M00^Oi-li-l(M00 

:'-3  0co£^i>.^«5X>caco^<Mi:o>^05oco 

t:^C001<NCNCO(MTll3^CO(MCOco<M<M'*G<J 


03  (M  (TJ  l:^      00  00  00  CO  Tji  rH  ?D  OJ       X  05  CO 

pSoOOOiOOSCOOlOiiOOOOOOCOiO-^COi-l 
••^OOOOOOr-tOiCOOOOOOOOOOOOOO 


-(MOOr-ICOOOOOO'<*<t^CJOiHCOTHr-IOOO 


^  o 

.5  i-l 


oJ  C<>  O  lO  O  CO  «0  CO  C<1  O  tH  t-l  o 

,2orHC<!>OO00t^>j:3b-O01-*AHi--IOi--( 
•'^C005000CO(M(Mr-l(MCNCO(>]-#00000 
t:^(Ni-l(N(MT-li-HCO(M(M(M(N(M05i-l-Hr-l 


be  . 

•So 


-OS  OCOt^OfMi-HOOrhCSi-IOOOCOOO 


,2ocoo^-Oloo^-"lO>OI-lcoo'-lr^^:^ 

t'tJOOCOl—  -^OSOWt-ICOt^COCOOOrHOSOS 
tH  T-l  i-H  i-H  rH  i-l  iH  iH  t-I 


a;ioo»OLO»ocoooooioioo>oioio 

-2t>.COi:^t-r^05iOCOiOOiOCO(MCOCOCO 
r'^T-IC001O05'*CD(M02>O<MiOt^0005rH 

fc^coiocot^iOTHoocococot-r^oioino 


p  E^^Sg-^^      X      X  ^ 


.1-1  cSk^  o^c*       Hf-*  ^  c^O,— I  eg  u  m  Ji 


62 


The  yield  of  pulp  from  the  different  Coniferce  varies 
considerably.  In  Germany  and  elsewhere  pinus  sylvestris 
and  pinus  ahies  are  commonly  used,  the  yield  in  actual 
manufacturing  practice  being  as  follows: — 


Yield  of  unbleached  Cellulose  from    Coniferce  by  Caustic 
Soda  process. 
C Manufacturing  practice). — Mttller. 


required. 

sylvestris. 

ahies. 

Cubic  feet  of  piled  logs 

fathoms  of  piled  pulp  wood 
Cords  of  piled  pulp  wood  ... 
Loads  (one  load  =  50   cubic  feet 
solid  wood). 

336 
1-55 
2*62 
5-44 

369 

1-  71 

2-  88 
5-69 

One  cubic  fathom  of  piled  pulp  wood  logs 
will  yield  of  unbleached  air  dry  pulp. 

1,445  lbs. 

1,309  lbs. 

Sulphate  Process. — The  digesting  fluid  in  this  process  con- 
sists of  a  mixture  of  caustic  soda  and  sulphide  of  sodium. 
The  sulphide  of  sodium  is  obtained  by  adding  salt  cake  or 
sulphate  of  soda  to  the  ash  in  the  calcining  furnace.  During 
the  ignition  of  the  mixture,  the  sulphate  of  soda  is  reduced  to 
sulphide  by  the  carbonaceous  matter  derived  from  the  wood 
by  the  well-known  reaction  Nag  S04+  C^  =  Nag  S  -f  4  CO. 
The  reaction  is  similar  to  that  which  takes  place  in  the 
Le  Blanc  method  of  making  soda.  The  furnaces  used  are 
specially  constructed  to  avoid  an  excess  of  air  passing  ovqx  the 
ignited  mass  on  the  hearth,  thereby  preventing  the  oxidation 
of  the  sulphide  of  sodium  formed.  This  substance  forms  at 
a  dull  red  heat  a  fusible  flux  with  the  sulphate  and  carbonate 
of  soda  present,  which  runs  from  the  hearth  into  a  covered 
pit.  This  flux  should  possess  a  reddish  colour  if  it  is  rich 
in  sulphide  of  sodium,  and  nominally  have  the  following 
composition  : — 

Nag  C03  70-89,^ 

Na^  S  14-45^  ) 

Nag  S04  4-87      V  Soluble  in  water. 

Sio  g  2-35  V 

Alg  O3  &  Feg  O3  trace.  J 

Insoluble  in  water    6'18  %  MiiLLBR. 

Sulphide  of  sodium  by  itself  will  act  upon  the  incrusting 
materials  of  wood,  but  its  action  is  not  so  vigorous  as  caustic 
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soda.  When  the  flux  or  recovered  ash  is  dissolved  in  water, 
and  the  resulting  liquor  causticised  in  the  usual  way,  a  fluid  is 
obtained  of  the  following  nominal  composition,  viz. : — 

Na^  C  O3   11  to  12  grms.  per  litre. 

Na  O  H    90  ,,100 

Na,  S    25  „  28  „ 

This  process  is  used  in  the  preparation  of  straw  cellulose  as 
well  as  wood  cellulose. 

The  conditions  for  digesting  are  somewhat  similar  to  those 
prevailing  in  the  caustic  soda  method.  The  proportion  of 
soda  (caustic  and  sulphide)  to  wood  is  a  little  greater,  and  the 
pressure  or  temperature  is  higher — 140  lbs.  per  square  inch 
above  atmosphere.  The  yield  of  pulp  from  spruce  wood  is 
also  higher,  and  the  pulp  is  stronger.  The  latter  property, 
however,  depends  greatly  upon  the  mode  of  manufacture. 


Yield  of  unbleached  Cellulose  from  Coniferoe,  by  the 
*'  Sulphate  "  process. 

(Manufacturing  practice). — Muller. 


One  Ton  of  air-dry  unbleached  Wood  pulp 
required. 

Pinus  Pinus 
sylvestris.  abies. 

Cubic  feet  of  piled  logs 

fathoms  of  piled  pulp  wood... 

Cords  of  piled  pulp  wood  

Loads   (one  load  =  50  cubic  feet 
solid  wood). 

300     !  328 

1-  39      !  1-52 

2-  34  2-56 
4-86  5-09 

One  cubic  fathom  of  piled  pulp  wood  logs 
will  yield  of  unbleached  air  dry  pulp. 

1,611  lbs.       1,473  lbs. 

 I  

A  comparison  of  Soda  and  Sulphite  Wood  Cellulose 
under  the  microscope  shows  that  a  not  inconsiderable  quantity 
of  the  Cellulose  in  the  soda  process  is  dissolved  during 
digesting,  whilst  in  the  sulphite  process,  bodies  other  than 
real  Cellulose  are  left  behind. 


Sulphite  Process. — The  maximum  yield  of  cellulose  from 
raw  plants  is  obtained  by  the  use  of  this  process.  Various 
"bisulphites"  are  used — viz.,  bisulphites  of  lime,  magnesia, 
or  soda,  or  a  mixture  of  these.  The  conditions  of  boiling 
vary  somewhat,  some  manufacturers  preferring  quick  boiling, 
whilst  others  boil  slowly.  In  the  quick  boiling  method  the 
time  occupied   in  "cooking"   one  charge  and  emptying 
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and  refilling  the  digester  with  '^acid  "  and  wood  varies  from 
12  to  15  hours.  In  Mitcherlich's  system,  on  the  other  hand, 
the  same  operations  occupy  from  60  to  70  hours. 

Preparation  of  Bisulphite  of  Lime. — This  fluid  is  pre- 
pared by  passing  sulphurous  acid  gas,  obtained  by  burning 
sulphur  or  iron  pyrites,  through  wooden  towers  filled  with 
limestone,  the  limestone  being  kept  moist  with  a  down  flow 
of  water.  The  acid  produced  should  register  6^  to  7°  Be,  and 
possess  the  following  composition  : — 


COMPOSITION  OF  BISULPHITE  OF  LIME  PRO- 
DUCED IN  MITCHERLICH'S  TOWERS,  AS 
ASCERTAINED  BY  Dr.  HARFP. 


Degrees 

Total  S02 

Free  So., 

Combined 
S02 

% 

Per  100  of  Total  S02 

Baum6. 

% 

% 

Free. 

Combined. 

H 

2-183 

1-421 

0-762 

65 

35 

f 

2-288 

1-490 

0-798 

65 

35 

2-483 

1-592 

0-911 

63 

37 

H 

2-634 

1-668 

0-966 

63-5 

36J 

H 

2-807 

1-734 

1-073 

62 

38 

2-917 

1-787 

1-130 

61 

39 

5 

3-135 

1-971 

1-164 

63 

37 

H 

3-264 

2-047 

1-217 

63 

37 

3-408 

2-092 

1-376 

60 

40 

5| 

3-591 

2-122 

1-469 

59 

41 

6 

3-784 

2-306 

1-478 

61 

39 

H 

3-959 

2-368 

1-591 

60 

40 

6f 

4-186 

2-576 

1-610 

61-5 

38-5 

4-309 

2-666 

1-643 

62 

38 

7 

4-543 

2-850 

1-693 

63 

37 

Note. — The  "acid'*  flowing  from  the  Towers  loses 
free  S02  on  standing. 


The  same  liquor  can  be  prepared  by  forcing  or  sucking  the 
sulphurous  acid  gas  through  a  series  of  tanks  containing 
milk  of  lime  or  calcined  dolomite  previously  slaked  in 
water. 

Bisulphite  of  magnesia  is  prepared  by  passing  "  milk  "  of 
magnesia  down  a  tower  built  of  sheet  lead  and  filled  with 
flints,  while  a  current  of  sulphurous  acid  is  allowed  to  pass 


65 


upwards.  The  magnesia  and  water  forming  the  "milk"  are 
carefully  regulated.  The  bisulphite  of  magnesia  flowing 
from  the  tower  has  about  the  following  average  compo- 
sition:— 


Percentage  of  combined  and  free  Sulphurous  Acid  (SOg) 

in  solutions  of  Bisulphite  of  Magnesia  for  Sulphite 

Pulp  Manufacture. 

Specific  Gravity  at 
60«  Fah, 

Degrees 
Twaddell 
60"  Fah. 

Total 
S02 

Free 
S02 

% 

Combined 
S02 

1-025 

1-0275 

1-030 

1-0325 

1-035 

1-0375 

1-040 

1-0425 

1-045 

1-0475 

1-050 

1-0525 

1-055 

5 

^2 

6 

H 

7 

n 

8 
9 

n 

10 

11 

2-279 
2-464 
2-724 

2-  934 

3-  155 
3-382 
3-605 

3-  828 

4-  000 
4-272 
4-4y4 
4-667 
4-939 

1-205 
1-305 
1-442 
1-553 
1-670 
1-797 

1-  913 

2-  031 
2-124 
2-266 
2-384 
2-477 
2-619 

1-073 
1-159 
1-282 
1-381 
1-485 
1-587 
1-692 
1-797 

1-  876 

2-  006 
2-110 
2-190 
2-320 

The  above  values  are  not  absolute. 

Bisulphite  of  soda  is  prepared  by  adding  a  nearly  saturated 
solution  of  sulphate  of  soda  to  one  of  bisulphite  of  lime, 
when  the  following  reaction  takes  place — viz.,  Ca  SO3  x  So^ 
Aq+Na^  So^=:Ca  So^  2H^O  +  Na2  S03  a:  So^  Aq.  The 
decomposition  of  the  bisulphite  of  lime  by  adding  a  slight 
excess  of  sulphate  of  soda  is  fairly  complete — i.e.,  from  90  to 
95  per  cent.  The  author  has  obtained  good  cellulose  for  some 
years  by  using  this  me 'hod.  It  is  also  understood  to  be  in 
successful  operation  in  one  Austrian  works. 

All  of  these  fluids  can  be  employed  with  equal  success  in 
producing  sulphite  wood  pulp.  "  Acid  "  prepared  with  the 
bases  *'  soda  "  and  "  magnesia  "  give  less  trouble  in  the  digesting 
operation  than  lime,  owing  to  their  greater  solubility.  The 
precise  strength  or  composition  of  the  acid  for  the  digesters 
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varies  considerably,  but  the  following  may  be  taken  as  typical 
examples : — 


Composition  of  Bisulphite  Liquor  for  Digesters. 

Bisulphite  of  Lime 

Bisulphite  of  Lime 

Mitcherlich's 
Tower  Acid. 

Dr.  Frank's 
Liq.  Apparatus. 

Free  S  0^   

Combined  S  ... 

% 

2-023 
1-012 

% 
2'SS 
•874 

Total  S  O2   

3-035 

3-256 

Equivalents  of  S  per) 
equivalents  of  base  ...) 

Free  So 2  on  100  parts) 
total  S02   > 

3-21 
66-6 

3-73 
73-1 

Combustion  of  Sulphur  in  Air. — The  amount  of  heat 
evolved  in  burning  1  lb.  weight  of  sulphur  in  air  is 
equal  to  3,996  British  thermal  units.  This  is  capable  of 
heating  3,996  lbs.  of  water  through  1°  Fah. 

To  find  the  quantity  of  water  required  to  cool  the  kiln  gases, 
the  following  formula  is  applicable,  viz. : — 

s  +  h 


in  which  w  =  the  lbs.  of  water  required  (divide  by  10  to  get 
number  of  gallons) ;  s  z:  the  weight  of  sulphur  burnt  in  lbs. ; 

zz  the  temperature  of  the  hot  water  leaving  the  cooler ; 

U  :z  the  temperature  of  the  cold  water  entering  the  cooler, 
and  h  z:  the  total  heat  of  combustion  of  one  lb.  of  sulphur 
to  SOg. 

One  lb.  of  sulphur  in  burning  in  air  will  theoretically  pro- 
duce 2  lbs.  of  sulphurous  acid.  The  quantity  of  air  containing 
this  quantity  of  oxygen,  measured  under  normal  temperature 
and  pressure  of  the  atmosphere,  is  about  56-4  cubic  feet.  If 
the  products  of  combustion  from  the  sulphur  kilns  be  analysed 
(see  page  89),  and  the  percentage  volume  of  SOg  thus 
ascertained,  the  following  table  will  give  the  corresponding 
volnme  of  air  used. 

Volumes  of  air  required  to  burn  1  lb.  (avoirdupois)  of 
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sulphur,  according  to  the  percentage  of  So 2  in  the  exit 
gases  from  the  kilns  : — 

Percentage  by  volume.  Volume  of  air. 


4 

5 

6 

197 

7 

169  „ 

8 

148    „  „ 

9 

131  „ 

10 

118  „ 

11 

107  „ 

12 

98    „  „ 

Note. — One  cubic  foot  of  air  at  62°  Fab.  weighs  0*0761  lb. 
Air  contains  23  per  cent,  by  weight  of  oxygen  and  77  per  cent, 
by  weight  of  nitrogen. 

Capacity  op  Bisulphite  of  Lime  Apparatus. — Dr. 
Frank's  apparatus,  consisting  of  sulphur  kiln,  coolers,  lime 
mixing  tank,  and  three  absorbing  vessels  of  the  aggregate 
capacity  of  about  1,200  cubic  feet,  and  all  auxiliary  apparatus, 
will  yield  13,000  gallons  of  bisulphite  of  lime  liquor  from 
caustic  lime  or  calcined  dolomite  per  24  hours.  This  is  equal 
to  a  daily  output  of  6  to  7  tons  (2,240  lbs.)  of  air-dry  cellulose. 

Mitcherlich's  Towers  (bisulphite  of  lime)  are  usually 
36  metres  hi^jh  (=118  ft.)  by  1*6  metres  dia.  (5  ft.  3  ins.). 
Six  towers,  120  ft.  high  by  4  ft.  in  diameter,  will  yield  bisulphite 
of  lime  liquor  for  10,000  tons  of  sulphite  wood  pulp  a  year. 

Mitcherlich's  digesters,  lined  with  tiles  and  heated  by  steam 
coils,  are  usually  horizontal  cylinders  with  circular  ends, 
12  metres  long  by  4  metres  in  diam.,  having  a  total  cubic 
capacity  of  134  cubic  metres  (=  4,706  cubic  feet).  They  hold 
about  100  cubic  metres  of  wood  and  60  cubic  metres  of  liquor, 
and  yield  about  10  tons  of  cellulose  per  charge.  The  time 
occupied  by  the  various  operations  is  as  follows  : — 


Filling  with  wood    2  hours. 

Steaming     4  „ 

Filling  with  liquor       ...    2  „ 

Boiling    ...    35  „ 

Blowing-off  pressure,  &c.       ...       ...  3  „ 

Washing  twice  ...                           ...  6  „ 

Emptying  and  getting  ready  for  next 

charge      5  „ 


Total  time  for  one  boiling  —  57  hours. 


Eleven  to  twelve  boilings  per  month,  yielding  110  to  120  tons 
of  air- dry  cellulose. 
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Yield  of  unbleached  Cellulose  from  Spruce  hy    Sulphite  " 
Process. 


Manufacturing  practice  (Beveridge). 


O116  ton  of  3(ir-dry  unblGO/ChGd  wood  pulp  rcQuirGd, 

Pinus 
Sylve&tris. 

Cubic  feet  of  piled  logs    

„     fathoms  of  piled  pulp  wood   

Cords  of  piled  pulp  wood   

Loads  (one  load =50  cubic  feet  solid  wood)  ... 

227 
1-05 
1-77 
3-49 

One  cubic  fathom  of  imported  piled  pulp  wood  logs 
will  yield  of  unbleached  air-dry  pulp. 

2,130  lbs. 

Note. — These  figures  are  from  imported  wood,  freed  from 
outer  bark,  and  of  usual  sizes. 
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CHAPTER  IV. 


DYEING  PAPEK  PULP  (Coloured  Papers). 
Chemical  Properties  of   Paper-Making  Eibres. 

Cotton. — Cotton  is  almost  pure  cellulose  (CgHjoO^).  lu 
the  raw  state  it  contains  about  5  per  cent,  of  impurities,  which 
are  soluble  to  a  certain  extent  in  caustic  or  carbonate  of  soda. 
These  impurities  consist  of  pectic  acid,  brown  colouring  matter, 
cotton  wax,  fatty  acids  (margaric  acids),  and  albuminous  matter. 
Cellulose  is  closely  allied  in  composition  to  starch  glucose, 
starch,  and  dextrine  (Sp.  Gr.  1-50).  It  is  insoluble  in  ordinary 
solvents — water,  alcohol,  &c. — but  is  soluble  in  ammoniacal 
solution  of  cupric  hydrate.  Cold  dilute  mineral  acids  have 
little  or  no  action  on  it ;  in  the  concentrated  state  they  act 
injuriously  upon  the  fibre,  especially  if  heated.  Concentrated 
sulphuric  acid  causes  it  to  swell  up  and  form  a  gelatinous  mass — 
the  vegetable  parchment  of  commerce — which  is  coloured  blue 
with  a  solution  of  iodine.  [Vegetable  parchment  has  a  greater 
affinity  for  the  basic  coal  tar  djes  than  pure  cotton.]  If  com- 
pletely disorganised  by  acids  it  is  converted  into  what  is  known 
as  hydro-cellulose.  When  steeped  in  a  mixture  of  cold  nitric 
and  sulphuric  acids  it  increases  in  weight,  and  is  converted  into 
gun-cotton  of  powerful  explosive  properties.  When  this  is 
dissolved  in  a  mixture  of  alcohol  and  ether,  collodion  is  formed. 
Weak  solutions  of  the  alkalies,  potash,  and  soda  have  little  or 
no  action  upon  cotton,  but  in  the  concentrated  state  they  tender 
and  otherwise  destroy  the  fibre.  Lime  in  water  has  little  or  no 
action  upon  the  fibre,  provided  the  cotton  is  immersed  in  the 
liqaid.  Any  portion  exposed  to  the  air  becomes  much  tendered 
by  the  oxidation  of  the  fibre.  Chlorine  gas  quickly  tenders 
the  fibre  if  exposed  to  sunlight.  Hypochlorites  (bleaching 
powder)  tender  cotton  more  or  less  rapidly,  according  to  the 
strength  and  temperature  of  the  solution,  and  the  duration  of 
their  action.  When  these  are  used  in  the  cold  diluted  state  the 
action  is  inappreciable,  and  confined  to  the  bleaching  of  the 
colouring  matter.  Cotton  dipped  in  a  solution  of  bleaching 
powder  of  5°  Twaddell,  exposed  to  the  air  for  an  hour  and  then 
washed,  exhibits  an  increased  attraction  for  basic  coal  tar  dyes, 
and  possesses  the  property  of  decomposing  normal  salts  of  iron, 
alumina,  &c.  This  remarkable  change  is  due  to  the  action  of 
the  hypochlorous  acid  liberated  by  the  carbonic  acid  of  the 
air.  The  cotton  has  become  thereby  changed  to  oxy-cellulose 
(Witz).  With  few  exceptions  colouring  matters  are  not 
attracted  by  the  cotton  fibre,  and  hence  "  mordanting  "  must  be 
resorted  to  in  dyeing  it. 
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Linen. — The  raw  fibre  is  cleansed  or  purified  by  passing  it 
through  the  various  processes  of  retting,  breaking,  scutching, 
hackling,  &c.  It  consists  essentially  of  cellulose.  In  the  raw 
state  it  contains  from  15  to  30  per  cent,  of  foreign  substances, 
chiefly  pectic  acid.  The  action  of  various  chemicals  upon  it  is 
much  the  same  as  upon  cotton,  but  generally  speaking  linen 
is  more  susceptible  to  disintegration  under  the  influence  of 
caustic  alkalies,  lime,  and  strong  oxidising  agents — e.^^.,  chlorine, 
hypochlorites,  &c.  Great  care  must  therefore  be  exercised  in 
bleaching  to  preserve  the  strength  of  the  fibre.  Linen  is  more 
easily  dyed  than  cotton. 

Jute.  — Owing  to  its  great  strength  is  much  admired  as  a 
paper-making  fibre.  The  raw  fibre  is  separated  from  the  plant 
by  processes  similar  to  those  employed  in  obtaining  the  flax 
fibre — viz.,  retting,  beating,  washing,  &c.  The  jute  fibre  is  not 
identical  with,  although  closely  allied  to,  cellulose,  and  hence  it 
has  been  called  "  bastose  "  (Cross  &  Bevan).  Acted  upon  by 
chlorine,  and  subsequently  by  a  solution  of  sulphite  of  soda,  a 
brilliant  magenta  colour  is  produced,  a  reaction  similar  to  that 
obtained  from  tannin-mordanted  cotton.  Tannin-like  bodies 
are  distributed  throughout  the  mass  of  the  jute  fibre,  and  hence 
it  has  a  powerful  attraction  for  basic  coal  tar  dyes,  and  can  be 
dyed  direct  by  them.  Alkalies  dissolve  the  tannin  bodies, 
leaving  cellulose.  When  exposed  in  a  damp  state  it  is  decom- 
posed into  two  groups  of  bodies — namely,  acids  of  the  pectic 
class  and  tannin-like  substances.  Acids,  especially  mineral 
acids,  disintegrate  jute  at  low  temperatures.  Chlorine  and 
hypochlorites,  produce  chlorinated  compounds  which  are  more 
or  less  partially  removed  by  solutions  of  the  alkalies.  The 
Leykam-Josepthal  process  of  bleaching  jute  is  founded  upon 
these  reactions.  Weak  solutions  of  hypochlorites  of  lime  bleach 
the  fibre  to  a  pale  cream  colour,  at  the  same  time  oxydising 
it  and  forming  compounds  which  decompose  calcium  salts. 
For  this  reason  weak  hypochlorite  of  soda  yields  better  results 
than  hypochlorite  of  lime.  The  loss  of  weight  in  bleaching 
varies  from  2  to  8  per  cent.,  according  to  the  method  used. 

The  papermaker  has  to  deal  almost  entirely  with  fibres  of 
vegetable  origin,  very  seldom  wool  being  used.  In  many  cases 
these  vegetable  fibres  are  not  in  a  physical  condition  to  absorb 
dyes  direct  from  aqueous  solution.  A  chemical  agent,  called 
a  "mordant,"  is  therefore  employed  to  fix  the  dye  upon  the 
fibre,  or  in  some  cases  to  develop  the  colour  itself.  Mordants 
are  usually  metallic  salts,  the  oxides  of  which  combine  with 
the  colouring  principle  of  the  dye  to  form  insoluble  coloured 
lakes.  These  lakes  adhere  to  the  surface  of  the  fibres.  The 
oxides  or  their  basic  salts  may  be  fixed  upon  the  surface  of  the 
fibre  previous  to  dyeing  it,  or  the  coloured  lake  may  be  formed 
by  itself,  and  then  added  to  the  pulp.  The  choice  of  a  suitable 
mordant  should  be  carefully  made. 
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The  colouring  of  paper  pulp  can  therefore  be  carried  out  in 
two  wajs : — 

1st — Dyeing  the  pulp  by  means  of  soluble  dyes,  or  d^  e 
stuff,  with  or  without  the  use  of  mordants. 

2nd — Colouring  the  pulp  with  pigments  and  other 
mineral  colours. 


DYEING   PAPER  PULP. 

Dyes  may  be  divided  into  two  great  classes — namely  (1), 
those  which  dye  the  pulp  by  themselves,  called  "  substan- 
tive "  dyes  ;  and  (2)  those  that  require  the  application  of  a 
chemical  agent  or  mordant  to  produce  the  colour  itself, 
called  "  adjective  "  dyes.  The  basic  aniline  dyes  belong  to  the 
former  class,  whilst  the  vegetable  djes,  logwood,  fustic, 
quercitron,  &c.,  and  others  of  the  aniline  (acid)  series  of  dyes 
belong  to  the  latter. 

Substantive  or  Basic  Dyes.— Of  the  aniline  dyes  of  this 
series  that  will  dye  cotton  fibre  direct,  i.e.,  without  the 
intervention  of  a  mordant,  the  following  are  the  most 
important : — 

Water  Blue.  Safranine. 
Hochst  Scarlet.  Brilliant  Green. 

Eosine.  Malachite  Green. 

Rose  Bengal.  Erytbrosine. 
Magenta.  Phloxine. 
Acid  Brown.  Methyl  Yiolet. 

Adjective  or  Acid  Dyes. — These  are  best  used  with  a 
mordant.  Mordants  consist  chiefly  of  metallic  salts,  and  are 
added  to  the  pulp  in  the  engine  before  the  addition  of  the  dye. 
These  salts  are  deposited  with  or  without  the  aid  of  a  precipi- 
tant or  heat  in  a  more  or  less  modified  state  upon  the 
surfaces  of  the  fibres,  rendering  the  latter  capable  of  absorbing 
the  colouring  matter.  Heat  usually  facilitates  the  deposition 
of  the  oxides,  especially  when  the  metallic  mordants  are  pre- 
viously rendered  basic.  The  salts  most  commonly  employed 
are  those  of  aluminum,  iron,  copper,  chromium,  tin,  and  lead. 
The  former  of  these,  especially  iron,  require  no  precipitant  to 
fix  them  upon  the  fibre,  and  most  of  them  form  different 
coloured  lakes  with  the  same  dye.  Thus  in  the  case  of  the 
vegetable  dye  logwood  there  is  formed — 

Grey  and  black  precipitates  with  bichromate  of  potash  and 
sulphate  of  iron. 

Violet  precipitates  with  tin  salts. 

Blue  precipitates  with  sulphate  of  copper. 

Bluish-violet  precipitates  with  alum  or  sulphate  of  alumina. 

Blue-black  precipitates  with  alum  or  sulphate  of  alumina 
and  bichromate  of  potash. 
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The  following  are  the  most  important  and  co:nmonly  used 
mordants : — 

''f  Salts  of  alumina,  potash  alum,  K2  AU  4  So^  24  11^  O  ; 
ammonia  alum,  (NH^)^  ^  24  H2  O;  sulphate  of 
alumina,  Al2  3(So4)  +  50"^  Aq.  These  salts  give  an  acid 
reaction  with  blue  litmus  paper,  but  can  be  rendered  basic,  or 
their  acid  character  partly  destroyed,  by  adding  a  weak  solution 
of  soda  crystals  to  their  hot  solution  till  a  slight  permanent 
precipitate  of  hydrate  of  alumina  is  formed.  Both  potash  and 
ammonia  alum  are  met  with  in  the  market  of  great  purity — i.e., 
freedom  from  iron  ;  sulphate  of  alumina  occurs,  on  the  other 
hand,  in  many  degrees  of  purity.  The  chief  impurity  in  all 
three  is  iron,  and  the  presence  of  this  may  be  ascertained  by 
adding  a  drop  of  an  aqueous  solution  of  ferro-cyanide  of 
potassium  (yellow  prussiate  of  potash)  to  one  of  the  alum.  If 
iron  be  present,  the  well-known  blue  colouration  of  Prussian 
blue  will  be  formed.  (For  composition  of  the  alums,  &c.,  see 
page  112.)  The  alums  are  used  most  extensively  for  fixing 
vegetable  dyes,  more  especially  logwood,  redwood,  yellow- 
wood,  quercitron,  catechu.  But  these  dyes  are  now  seldom 
used,  owing  to  the  cheapness,  great  tintorial  power,  and  great 
brilliancy  of  the  aniline  dyes.  Resinate  of  alumina — the  body 
formed  by  precipitating  resin  soap  (or  size)  with  sulphate  of 
alumina  or  alum — acts  as  an  admirable  mordant  for  both  acid 
and  basic  coal  tar  dyes.  The  amount  of  resin  soap  should 
bear  a  definite  ratio  to  the  amount  of  dye  stuff — e.g.,  water 
blue  and  ponceau  require  8 — 4  times,  and  crystal  violet 
2^  times,  their  weight  of  resin  in  the  form  of  soap  for  complete 
precipitation.  The  same  holds  good  with  regard  to  many  of 
the  vegetable  dyes — e.^.,  quercitron — provided  the  stuff  be  kejDt 
faintly  acid  to  litmus,  by  using  an  excess  of  sulphate  of  alumina. 
The  following  coal  tar  dyes  are  completely  precipitated  by 
alumina  resin  soap,  and  the  back-water  from  the  machine 
should  be  practically  colourless  if  the  i:)roper  proportion  of 
mordant  and  dye  is  used  : — 


Acetate  of  alumina  is  recommended  as  a  mordant  for  paper 
containing  much  mechanical  wood.  This  mordant  is  prepared 
by  the  decomposition  of  alum,  with  acetate  (sugar)  of  lead  in 


Cotton  Scarlet. 
Roccelline. 
Crocein  Orange. 
Azoflavin 

Diphenylamine  Orange. 

Indazine. 

Nigrosin. 

Brilliant  Crocein  M. 


Mandarin. 
Orange  II. 
Metanil  Yellow. 
Victoria  Blue. 
Induline. 
Phosphine. 
Bismarck  Brown. 
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aqueous  solution,  the  proportions  being  25  parts  alum  to  10 
parts  of  the  lead  salt.  The  clear  solution  is  alone  used,  and  if 
required  it  maj  be  rendered  basic  by  an  addition  of  5  per  cent, 
of  soda  crystals  dissolved  in  water.  This  is  a  good  mordant  for 
methyl  violet,  crocein  scarlet,  and  crocein  orange. 

Tin  Salts. — Of  these  the  so-called  "  tin  crystals"  (Stannous 
chloride)  is  the  most  universally  used,  both  as  a  mordant  and 
as  a  means  of  brightening  the  colours.  Oxide  of  tin  forms 
rich  coloured  lakes  with  logwood,  cochineal,  &c. ;  it  is, 
however,  usually  employed  in  conjunction  with  alum.  Tin 
crystals  with  acetate  of  alumina  is  a  good  mordant  for 
producing  quercitron  yellow. 

Iron  Mordants. — Of  these  ferrous  sulphate  or  green  vitriol, 
and  the  so-called  "  nitrate  "  of  iron,  are  the  most  common  ;  the 
former  produces  grey-blacks  with  catechu  and  logwood  extract. 
Both  are  used  for  producing  chamoise  yellows,  but  the 
"  nitrate  "  of  iron  is  the  most  suitable  for  this  purpose.  Nitrate 
or  acetate  of  iron  yields  better  dark  greys  and  blacks  than  the 
sulphate. 

Copper  Mordants. — Sulphate  of  copper  yields  with  log- 
wood extract  blue  coloured  lakes  which  can  only  be  applied 
for  the  production  of  unsized  papers  as  the  colour  is  changed 
to  violet  by  alum.  It  may  be  used  in  combination  with  sul- 
phate of  iron  and  bichrom.ate  of  potash  for  the  formation  of 
brown,  grey,  and  black  colours. 

Tannin  Mordants.  —  -  Tannic  acid  (catechu)  is  used  for 
greys  and  blacks,  and  yields  these  better  than  sulphate  of  iron. 
For  fixing  the  mordant  a  high  temperature  must  be  employed. 
Tannic  acid  in  combination  with  tartar  emetic  imparts  a 
property  to  the  fibre  which  causes  the  latter  to  absorb  many 
of  the  coal  tar  dyes,  the  colours  produced  being  brilliant  in 
shade  and  fast  towards  light.  Tannin  and  sodium  acetate  are 
applied  to  papers  which  have  been  only  slightly  sized,  and  are 
dyed  with  the  basic  coal  tar  dyes.  For  full  deep  shades  tannin 
is  suitable  for  fuchsine,  methyl  violet,  brilliant  green,  solid 
green,  chrysodine,  Manchester  brown,  Bismarck  brown,  and 
naphthol  yellow. 

Lead  Salts. — Acetate  of  lead  is  used  for  eosine,  erythrosine, 
pbosphine,  phloxine,  rose  bengal,  fluorescine,  and  orange ;  also 
for  water  blue,  ponceau,  alkali  blue,  tropaoline,  crocein, 
induline,  nigrosine,  metanil  yellow. 

Nearly  all  the  aniline  dyes  which  are  soluble  in  water  can 
be  used.  In  order  to  obtain  good  results  the  properties  of  the 
dye  in  respect  to  its  affinity  for  the  fibre  should  be  observed, 
and  the  proper  precipitant  or  mordant  used.  Heating  the 
pulp  facilitates  the  deposition  of  the  dye,  and  is  recommended 
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for  deep  shades.  Brilliant  shades  and  pure  colours,  especially 
light  tints,  can  only  be  obtained  when  the  stuif  in  the  beater 
has  been  primarily  bleached  to  a  pure  white.  The  following 
dyes  can  be  recommended  : — 

FuscHiNE  OR  Magenta  (3  per  cent,  solution)  is  dissolved  in 
soft  or  condensed  water  -  i.e. ,  water  free  from  lime  salts — as  the 
latter  precipitates  the  dye.  A  little  acetic  or  hydrochloric  acid 
counteracts  the  act  of  the  lime.  This  dye  is  extensively  used 
for  shadins  white  papers,  news,  printings,  &c. ,  and  should  be 
used  very  dilute.  The  solution  should  also  be  made  daily 
and  used  cold.  Paper-making  fibres,  especially  mechanical 
wood,  have  a  strong  attraction  for  this  colouring  matter. 
Methyl  violet,  benzal,  malachite,  and  brilliant  greens  (3  per 
cent,  solution)  should  be  treated  like  fuschine  (magenta). 

Metanil  Yellow,  Benzoflavine,  Orange  and  Aura- 
mine,  Kastainien  Brown,  &c.  (10  per  cent,  solution)  are 
added  to  the  paper  pulp  as  hot  solutions,  as  the  dje  separates 
out  on  cooling. 

Water  Blue  and  Cotton  Blue  (8-10  percent,  solution)  are 
dissolved  in  hot  water,  cooled,  and  then  a  little  sulphuric  acid 
(oil  of  vitriol)  or  acid  sulphate  of  soda  added,  so  as  to  develop 
the  colour.  Dye  either  hot  or  cold,  but  in  either  case  the  stuff 
must  show  a  decided  acid  reaction  with  litmus  paper  by  the 
use  of  an  excess  of  alum  or  sulphate  of  alumina. 

EosiNE  (10-12  per  cent,  solution)  should  be  used  in  a  nearly 
neutral  pulp.  Excess  of  sulphate  of  alumina  turns  the  shade 
yellowish  brown.  Acetate,  or  sugar  of  lead,  yields  a  pink 
shade,  whilst  tin  crystals  produce  a  fiery  red. 

Kose  Bengal  and  Erythrosine  (10  per  cent,  solution) 
behave  like  eosine.  The  dyeing  can  be  carried  out  either 
before  or  after  sizing,  and  either  in  the  hot  or  cold  state. 

Safranine,  Turkey  Red,  Crocein,  Indulin,  Solid  Blue, 
JEthylene  Blue,  and  Methylene  Blue  (8  percent,  solution) 
require  the  paper  stuff  to  be  slightly  acid  in  character.  These 
dyes  are  best  added  to  the  engine  before  sizing.  Safranine 
must  be  used  in  the  cold,  the  others  warm. 

Phosphine  and  Grenadine  (5  per  cent,  solution)  are 
treated  like  fuschine  or  magenta. 

Alkali  Blue  (8  per  cent,  solution)  is  often  used  because 
of  its  greater  fastness  towards  light.  Dissolve  the  dye  in  hot 
water  which  has  been  rendered  alkaline  with  soda,  and  then 
cool.  The  cold  solution  is  very  stable,  but  must  be  used  dilute. 
Dye  in  the  cold,  and  after  sizing.  The  paper  stuff  must  have 
an  acid  reaction. 
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VEGETABLE  DYE  STUFES. 

Yellow. — Quercitron  for  light  shades  is  the  colouring 
matter  obtained  from  the  bark  of  the  North  American  black 
oak  (Quercus  nigra).  The  dye  :is  extracted  by  digesting 
the  bark,  wrapped  in  a  bag,  in  successive  quantities  of  fresh 
w^ater  at  212°  Eah.  The  liquors  are  then  mixed  and  purified 
from  tannin  bodies  by  addition  of  a  weak  solution  of  glue, 
otherwise  the  shade  is  apt  to  be  of  a  greenish  tone  due  to  the 
formation  of  black-coloured  lakes  by  the  tannin,  with  traces 
of  iron  salts  contained  in  the  alum,  &c.  Quercitron  is 
best  suited  for  deepening  blacks,  and  for  this  purpose 
it  is  not  necessary  to  remove  the  tannin.  In  combination 
with  weld  extract  (1  pt.  weld  to  10  pts.  quercitron)  purer 
yellow  tones  are  obtained.  The  shade  in  this  case  is  brightened 
with  tin  crystals.  Quercitron  does  not  yield  bright  tones  of 
yellow.  Weld  (i-eseda  luteola)  produces  the  most  stable  and 
brightest  yellows  of  the  vegetable  dyes.  The  presence 
of  iron  salts  imparts  a  greenish  shade  to  the  colour. 
Curcuma  is  not  extensively  used.  Yellow  or  Brazil  Wood 
yields  yellows  of  a  greenish  shade,  which  also  limits  its 
application.  Mordant  with  acetate  and  sulphate  of  alumina. 
Annatto. — This  extract  is  prepared  by  digesting  10  lbs.  of  the 
dye  stuff  in  30  gallons  of  boiling  water,  in  which  10  lbs.  of 
soda  crystals  have  been  previously  dissolved.  Eilter  through 
a  linen  ba^.  Excess  of  alkali  intensifies  the  yellow  colour, 
whilst  a  diminished  quantity  turns  it  red.  Applicable  in 
combination  with  weld  and  quercitron  for  golden  yellow  and 
orange  tones.  The  pulp  should  be  dyed  first  and  alum  added 
afterwards.   Brighten  with  magenta,  crocein  scarlet,  or  orange. 

Red. — Red  Wood,  Pernamhuco  Wood,  Sfc.  These  colouring 
matters  are  not  extensively  used,  owing  to  their  fugitive 
character.  They  form  red  lakes  with  alumina,  which  are 
brightened  with  tin  crystals.  Cochineal. — This  is  really  an 
animal  dye,  being  the  body  of  a  female  insect  found  in 
Central  America.  The  large  grey  variety  is  the  best.  The 
dye  is  extracted  by  boiling  the  cochineal  repeatedly  in  water. 
Mordant  with  alum  or  sulphate  of  alumina.  Alg  O3  produces 
beautiful  carmine  lakes  with  this  colouring  matter.  Alkalies 
yield  bluish  shades,  and  therefore  slight  excess  of  alum  should 
be  used.  Tin  crystals  yield  pure  tones,  especially  in 
combination  with  oxalic  acid,  the  latter  tending  to  produce 
yellowish  shades.  Another  excellent  preparation  of  cochineal 
is  obtained  by  placing  20  parts  of  the  ground  dye  in  a  large 
glass  vessel,  together  with  60  parts  of  ammonia,  and  setting 
the  whole  aside  for  a  few  days  in  a  warm  room  till  the  fluid 
thickens.  Eilter  before  use.  This  is  used  with  greatest  ad- 
vantage with  alum  and  tartaric  acid .  Brighten  with  tin  crystals. 
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Blue. — Logivood  is  seldom  or  never  used  alone,  but  in 
conjunction  with  other  colours,  for  the  production  of  deep, 
dark  blues.  It  is  obtained  in  the  form  of  extract.  Mordant 
with  sulphate  of  alumina. 

Brown.  —  Catechu^  in  combination  with  sulphate  of  copper 
and  bichromate  of  potash,  is  the  most  important  vegetable  dye 
for  the  production  of  browns — e.g.,  pure  brown  :  4  lbs.  catechu, 
6  ozs.  sulphate  of  copper,  ozs.  sal-ammoniac,  the  "stuff" 
being  then  heated  to  about  130°  Fah.,  and  finally  12  ozs. 
bichromate  of  potash,  all  on  100  lbs.  paper.  It  is  advan- 
tageous to  heat  the  "stuff"  before  the  addition  of  the 
bichromate.  All  these  salts  should  be  previously  dissolved  in 
water  before  being  added  to  the  beater. 

Blacks  are  usually  produced  from  logwood  and  catechu  by 
the  action  of  certain  mordants  and  oxidising  agents.  Thus, 
on  100  pts.  paper,  4  pts.  catechu,  ^  pt.  sulphate  of  copper, 
heat  to  130 — 140°  Fah.,  1^  pts.  bichromate  of  potash,  8  pts. 
sulphate  of  iron  or  16  pts.  acetate  of  iron.  After  the  "stuff" 
has  circulated  in  the  beater,  wash  for  a  short  time,  and  then 
colour  with  8  pts.  logwood  extract  and  IJ  pts.  quercitron. 

Note. — Owing  to  the  greater  tintorial  power  and  brighter 
shades  of  the  aniline  dyes,  these  vegetable  dye  stuffs  are  now 
seldom  used,  excepting  in  special  cases — e.g.,  in  the  production 
of  blacks,  deep  blues,  and  browns. 


Colouring  Pulp  with  Lakes  and  Mineral  Pigments. — 
Mineral  pigments,  as  a  rule,  yield  the  most  stable  colours 
towards  light  and  atmospheric  influences,  although  they  are 
not  the  most  brilliant.  Compound  colours — e.g.,  green,  orange, 
drabs,  &c. — can  all  be  produced  by  the  admixture  of  mineral 
pigments,  and  some  of  them  are  very  beautiful,  in  accordance 
with  the  purity  of  the  pigments  employed  and  the  whiteness  of 
the  pulp. 

The  most  important  of  the  mineral  pigments  or  lakes  are  for 
yellow.  Chrome  Yellow,  produced  by  admixture  of 
bichromate  of  potash  and  acetate  or  nitrate  of  lead.  The 
shade  may  be  varied  from  pale  canary-yellow  to  deep  orange, 
in  proportion  to  the  amount  of  lead  salt  used.  The  colour  is 
stable  to  light.  [Note. — Ultramarine  should  not  be  used 
with  chrome  yellow.]  Ochres. —  These  vary  greatly  in 
shade,  and  yield  chamoise  yellows.  Nitrate  of  iron  yields  the 
same  colours,  and  occurs  as  a  thick  brown  liquid,  having  the 
following  composition:— Sp.  gr.  =  1-210  (=  42°Twad.)Fe2  Oj 
as  Fe  0  =  13*61  grms.  per  litre.  FCgOg  =  168*00  grms.  per  litre. 
Total,  181*61.  The  ferric  oxide  exists  as  FCgS  (S04),  and  is 
therefore  a  normal  salt. 
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Ked. — Venetian  red— an  oxide  of  iron— yields  somewhat 
fiery  red  colours  when  used  by  itself.  Shade  may  be  changed 
to  bluish-red  with  Prussian  blue  or  ultramarine.  The  finest 
qualities  of  Venetian  red  yield  bright  colours  on  a  white 
ground. 

Blue. — Ultramarine,  the  most  extensively  used  coloured 
pigment  by  papermakers,  occurs  in  a  variety  of  shades,  from 
greenish  blue  to  reddish  blue.  In  conjunction  with  cochineal 
or  magenta  it  is  used  to  produce  a  white  from  bleached 
paper  stock,  possessing  a  slightly  yellow  tint.  It  has  great 
distributing  power,  and  is  suitable  for  compound  shading  with 
nearly  all  colours  except  chrome  yellow  (chromate  of  lead). 
It  has  a  tendency  to  blacken  these  yellows.  It  is  decomposed 
by  acids,  giving  off  sulphuretted  hydrogen.  The  more  stable 
kinds  resist  the  action  of  tolerably  strong  solutions  of  alum  or 
sulphate  of  alumina.  Those  samples  that  are  more  or  less 
bleached  by  sulphate  of  alumina  solutions  should  be  avoided. 
The  mineral  is  remarkably  stable  towards  light  and  other 
atmospheric  influences. 

Prussian  Blue  (Paste  Blue). — As  the  name  implies,  this 
colour  occurs  as  a  paste  having  a  deep  bronze-blue  lustre.  It 
contains  65  to  66  per  cent,  water  and  34  to  35  per  cent,  dry 
colour  Cat  212°  Fah.).  The  shades  of  blue  which  it  produces  are 
inclined  to  greenish;  this  is  counteracted,  however,  by  addition 
of  red.  Also  used  with  chrome  yellow  for  greens.  Paper  pulp 
can  be  dyed  Prussian  blue  for  "  mottled "  papers  by  first 
mordanting  the  pulp  with  iron  (preferably  "  nitrate  "  of  iron), 
and  then  adding  yellow  prussiate  of  potash  with  alum.  The 
colour  is  brightened  with  addition  of  bleach  liquor  and  a  little 
oil  of  vitriol.  The  deposition  of  the  iron  on  the  pulp,  and 
subsequent  formation  of  the  blue,  is  facilitated  by  heating  to 
120  or  140°  Fah.  The  dyed  pulp  should  be  well  washed 
before  using  it  for  "  mottled  "  papers. 

Browns. — Paste  Umber  yields  dark  brown  shades.  It  has 
the  following  composition  : — Moisture  24*88  per  cent.,  ferric- 
oxide,  &c.,  41 '88  per  cent,  loss  on  ignition  5*04,  insoluble  (in 
HCl)  28*20  per  cent.  It  is  essentially  a  by drated  oxide  of  iron, 
mixed  more  or  less  with  organic  matter.  It  is  used  extensively 
for  brown  papers.  Manganese  brown  can  be  prepared  by  the 
use  of  sulphate  of  manganese,  and  subsequent  addition  of 
bleach  liquor,  and  final  washing  before  sizing.  The  depth  of 
shade  produced  is  in  proportion  to  the  amount  of  sulphate  of 
manganese  used.    The  colour  is  fairly  stable  towards  light. 
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CHAPTER  V. 


GENERAL  PAPER  MILL  ANALYSES. 


ATOMIC   WEIGHTS  AND   SYMBOLS  OF 

THE 

MOST  IMPORTANT  CHEMICAL  ELEMENTS. 

Element. 

Symbol 

Atomic 
w  eigiiu. 

Element. 

Symbol. 

Atomic 
w  eig^nt. 

Aluminium... 

Al 

27-5  ' 

Molybdenum 

Mo 

96 

Antimony  ... 

Sb 

122 

Nickel  

Ni 

56 

Arsenic 

As 

75 

Niobium 

Nb 

94 

Barium 

Ba 

137 

Nitroojen 

N 

•14 

Bismuth 

Bi 

208 

Osmium 

Os 

199 

Boron  

B 

11 

Oxygen 
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16 

Bromine 

Br 

80 

Palladium  ... 

Pd 

106 

Cadmium    . . . 

Cd 

112 

Phosphorus... 

P 

31 

Caesium 

Cs 

137 

Platinum  ... 

Pt 

197 

Calcium 

Ca 

40 

Potassium  ... 
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39 

Carbon 
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12 

Rhodium 

Rh 

104 

Cerium 

Ce 

137 

Rubidium  ... 

Rb 

85 

Chlorine 

CI 

35-5 

Ruthenium ... 

Ru 
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Chromium  ... 

Cr 

52 

Scandium  ... 

Sc 

44 

Cobalt  

Co 

59 

Selenium 

Se 

79 

Copper 

Cu 

63 

Silver   

Ag 
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Didymium  ... 

D 
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Silicon  

Si 

28 

Erbium 
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Sodium 

Na 

23 

rinorine 

F 
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Strontium  ... 

Sr 
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Gallium 
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Sulphur 
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Gold   
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Hydrogen  ... 
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Indium 
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Thorium 
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Iodine  
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Iridium 
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Titanium  ... 

Ti 
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Iron 

Fe 
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Tungsten  ... 
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Uranium 
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Lead   
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Lithium 
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Magnesium .. 

Mg 
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Zinc   
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Hg 
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ALKALIMETRY. 

The  principle  upon  which  alkalimetry  is  based,  is  the 
neutralization  of  the  alkali  with  an  acid.  The  acid  commonly 
used  for  this  purpose  is  sulphuric  acid,  So^.  Thus,  in  the 
case  of  determining  the  alkali  or  soda  (NagO)  in  alkaline  soda 
products — e.g.,  soda  ash,  the  following  chemical  reaction 
takes  place: — Nag  C03  +  Hg  S04  =  Nag  S04  +  Hg  O  +  COg. 
That  is  to  say,  one  equivalent,  or  98  parts  of  sulphuric  acid, 
combines  with  or  exactly  neutralizes  one  equivalent,  or  62 
parts  of  soda  (Nag  O).  1  he  method  is  applicable  to  alkaline 
soda  products,  such  as  carbonate,  caustic,  and  silicate  of  soda. 

Preparation  of  a  solution  of  sulphuric  acid  of  known  neu- 
tralizing power.  According  to  the  above  equations,  one 
gramme  —  equivalent  of  Hg  S04  (98) — will  exactly  neutralize 
one  gramme  —  equivalent  of  soda  Nag  O  (62).  If,  therefore, 
a  solution  of  the  acid  be  made  up  so  that  1  litre  of  it  will 
contain  exactly  98  grammes  of  Hg  S04,  it  follows  that  1  c.c. 
of  this  solution  will  contain  ^ooo  1^2  ^^45  capable 
of  exactly  neutralizing  ygJo,  or  0*062  gramme  Nag  O. 
Such  a  solution  of  sulphuric  acid  is  known  as  "normal"  sul- 
phuric acid.  Many  workers  prefer,  however,  to  use  a 
solution  containing  one  half  of  a  gramme  —  equivalent,  or 
49  grammes  of  Hg  S04  to  the  litre,  which  is  called  "  half- 
normal "  sulphuric  acid,  each  c.c.  of  which  will  exactly  neu- 
tralize 0*031  gramme  Nag  O.  This  solution  we  recommend 
for  general  use.  It  is  made  as  follows  : — 56  grammes  of  pure 
concentrated  sulphuric  acid  are  diluted  with  500  c.cs.  of  cold 
distilled  water,  care  being  taken  to  pour  the  acid  into  the 
water,  and  not  vice  versa.  The  mixture  is  set  aside  to  cool  to 
the  normal  temperature — viz.,  62^  Fah.,  and  when  cold  it  is 
made  up  to  1,100  c.cs.  by  volume  with  cold  water  and 
thoroughly  mixed  One  litre  (1,000  c.cs.)  of  this  fluid  will 
contain  more  than  49  grammes  Hg  So^,  and  it  is  now 
necessary  to  determine  its  exact  strength,  in  order  that  it  may 
be  diluted  to  exact  "  half  normal  strength."  This  is  done  by 
ascertaining  how  many  c.cs.  of  the  mixture  are  required  to 
neutralize  the  Nag  C)  contained  in  a  known  weight  of  pure 
Nag  Co 3,  as  follows : — A  small  quantity  of  guaranteed  pure 
carbonate  of  soda  is  placed  in  a  porcelain  crucible  and  ignited, 
till  perfectly  dry,  over  the  flame  of  a  spirit  lamp.  It  is  then 
cooled  in  the  dessicator,  and  5*8  grammes  of  the  cold  dry  soda 
salt,  weighed  off,  transferred  to  a  flat  porcelain  dish  or  glass 
flask,  and  dissolved  in  luke  warm  water.  The  alkaline  fluid  is 
now  coloured  with  a  few  drops  of  neutral  litmus  solution,  and 
the  diluted  acid  cautiously  added  from  a  burette  till  the  blue 
colour  is  changed  to  reddish  violet.  While  the  acid  is  being 
added  an  effervescence,  more  or  less  violent,  will  take  place, 
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•due  to  the  evolution  of  carbonic  acid  gas  C02,  and  as  this  is 
partly  held  in  solution  it  is  necessary  to  boil  the  mixture  to 
expel  it.  After  boiling,  the  blue  colour  will  reappear,  and 
additional  portions  of  the  acid  must  be  run  in  with  subsequent 
boiling  after  each  addition,  until  finally  one  drop  is  found 
sufficient  to  turn  the  blue  colour  to  a  permanent  red.  The 
whole  of  the  soda — viz.,  3-1  grammes  contained  in  the  5-3 
grammes  of  the  pure  carbonate — is  now  converted  into  sul- 
phate of  soda,  Nag  So^,  and  as  the  5-3  grammes,  Na^  C03, 
will,  according  to  the  above  equation,  exactly  neutralize  4*9 
grammes  of  Hg  So^,  it  follows  that  the  number  of  c.cs.  of  the 
diluted  acid  used  from  the  burette  will  contain  4*9  grammes 
H2  S04.  We  will  assume  the  quantity  of  diluted  acid  used  to 
be  98*2  c.cs.,  in  order  to  show  the  method  of  adjusting  its 
strength  with  Avater,  so  as  to  obtain  *'half  normal  acid." 

By  ordinary  proportion  we  have  98*2  :  4-9  : :  1,000  :  49-89. 
That  is,  one  litre  of  the  diluted  acid  contains  49*89  grammes 
H2  S04.  or  0"89  gramme  too  much.  The  quantity  of  water 
required  to  dilute  it  to  the  precise  strength  is  found  thus: — 
49  :  100  ::  49-89  :  1,018-1.  That  is  to  say,  18-1  c.cs.  of  cold 
water  must  be  added  to  every  litre  of  the  diluted  acid.  The 
acid  thus  made  is  preserved  in  well  stoppered  bottles  for  future 
use.  It  should  be  labelled  "half  normal  S04."  One  c.c. 
of  this  acid  is  equal  to  0*031  grammes  Nag  O. 

Note. — Before  finally  adjusting  the  strength  of  the  acid,  it 
is  always  advisable  to  test  it  twice  or  thrice  with  pure  Nag  C03, 
and  to  take  the  mean  of  the  tests  as  representing  its  true 
value. 

Valuation  of  Soda  Ash,  Caustic  Soda,  &c.,  and  in  all 
products  in  which  the  soda  exists  as  carbonate  or  caustic. 
'1  he  value  of  soda  ash  and  caustic  sodas  depends  upon  the 
amount  of  available  soda  they  contain.  3*1  grammes  of  the  ash 
or  caustic  are  weighed  off,  and  transferred  to  a  flask  containing 
about  100  c.cs.  of  distilled  water.  After  the  contents  of  the 
flask  have  been  heated  and  coloured  blue  by  the  addition 
of  a  few  drops  of  neutral  litmus  solution,  the  half  normal 
sulphuric  acid  is  added  from  a  burette,  and  the  titration  carried 
out  as  above  described.  The  number  of  c.cs.  of  acid  required 
to  change  the  colour  of  the  solution  to  permanent  red  repre- 
sents the  percentage  of  available  soda  (Nag  O)  in  the  sample. 

In  addition  to  available  alkali  (Nag  O),  alkaline  liquors, 
recovered  ash,  as  well  as  caustic  sodas,  contain  other  salts,  the 
quantities  of  which  it  is  frequently  desirable  to  ascertain.  Of 
these  salt?,  sulphate,  chloride  and  silicate  of  soda  are  the  most 
important.  Silicate  of  soda  occurs  in  all  liquors  made  from 
recovered  ash  from  esparto  and  straw  boiling,  but  not  to  any 
great  extent  from  wood   pulp  manufacture.    Sulphide  of 
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sodium  not  infrequently  exists  in  large  quantity  in  liquors 
made  from  recovered  ash,  and  especially  in  the  "  melt  "  from 
the  so-called  "sulphate"  wood  pulp  process. 

These  salts  may  be  estimated  in  the  following  manner : — 
10  grammes  of  the  ash  are  dissolved  in  hot  water  and  filtered 
through  a  tared  (or  weighed)  filter  into  a  500  c,c.  flask,  the 
insoluble  matter  collected  in  the  filter  as  also  the  filter  itself 
and  beaker  glass  in  which  the  ash  is  dissolved,  all  being 
thoroughly  washed  Avith  hot  water.  The  washings  are,  of 
course,  collected  in  tlie  graduated  flask.  The  clear  filtrate  is 
shaken,  allowed  to  cool,  and  then  diluted  with  cold  distilled 
water  to  the  graduated  mark  on  the  neck — i.e.,  the  volume 
is  made  up  to  exactly  500  c.cs.  When  this  fluid  is  mixed  it 
is  ready  for  use.  For  convenience  we  will  call  it'^A."  The 
filter  and  contents  are  dried  at  212°  Fah.in  a  water  oven  and 
weighed.  Deduct  the  tare  of  the  filter  paper,  multiply  by 
10  =    %  of  insoluble  matter. 

Sulphate  of  Soda. — Withdraw  50  c.cs.  of  the  fluid  equal 
to  one  gramme  of  the  ash  from  the  flask  by  means  of  a  pipette 
and  place  in  a  beaker  glass,  add  a  few  drops  of  a  clear 
solution  of  bleaching  powder,  then  acidify  with  5  c.cs.  of  pure 
hydrochloric  acid,  and  boil  gently  till  all  free  chlorine  has 
been  expelled.  The  bleaching  powder  or  hypochlorite  solution 
oxidises  any  sulphide  of  sodium  present.  When  all  chlorine 
has  been  expelled,  a  clear  concentrated  solution  of  barium 
chloride  is  added  in  slight  excess,  and  the  whole  mixture  set 
aside  in  a  Avarm  place  (on  a  sand  plate  kept  hot  by  a  lamp 
flame)  for  two  or  three  hours.  The  precipitate  of  barium 
sulphate  is  then  collected  in  a  filter  in  the  u^ual  way,  and 
washed,  dried,  ignited,  and  weighed.  Multiply  the  weight  of 
the  precipitate  by  0*601)8  and  then  by  100  =  ^  of  sulphide  and 
sulphate  of  soda  in  the  ash,  expressed  in  terms  of  sulphate. 
When  the  sulphide  of  sodium  exists  in  large  quantity,  and  it 
is  desired  to  know  the  percentage,  proceed  as  described  in  the 
Appendix. 

Chloride  of  Sodium  (Na  CI). — This  is  best  estimated 
volumetrically  by  means  of  a  tV^^  normal  solution  of  nitrate 
of  silver,  according  to  the  reaction  Ag.  No 3  +  Na  CI  = 
Ag  CI  +  Na  NOo. 

Preparation  of  ^^qTh  Normal  Ag  N03  Solution. — 
Seventeen  grammes  of  pure  crystallised  nitrate  of  silver  are 
dissolved  in  pure  cold  distilled  water,  and  the  solution  made 
up  to  exactly  one  litre.  One  c.c.  of  this  fluid  is  capable  of  pre- 
cipitating 0-b0585  gramme  Na  CI. 

To  estimate  the  Na  CI,  50  c.cs.  of  the  liquor  are 
transferred  to  a  clean  porcelain  dish,  acidified  with  pure  nitric 
acid,  and  then  evaporated  to  complete  dryness  in  a  water  bath. 
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The  residue  is  lixiviated  in  water,  the  fluid  filtered  into  a  clean 
beaker  glass,  and  the  dish  and  filter  washed  as  usual.  Two  or 
three  drops  of  a  concentrated  solution  of  chromate  of  potash 
are  added  to  the  filtrate,  and  then  the  i\jth  normal  nitrate  of 
silver  from  a  burette  is  cautiously  poured  in,  constantly 
stirring  the  while  till  one  droj)  changes  the  colour  of  the 
mixture  from  pale  yellow  to  a  reddish  orange.  The  number 
of  CCS.  of  i\yth  normal  Ag  No 3  solution  taken,  multiplied 
by  0-00585  x  100=      %  of  Na  Cl  in  the  sample. 

Silica  or  Silicate  of  Soda. — 200  c.cs.  of  solution  "A" 
are  transferred  to  a  porcelain  basin  and  carefully  acidified  with 
pure  hydrochloric  acid.  The  stdution  is  then  evaporated  to 
dryness  in  a  water  bath,  and  the  residue  left  in  the  dish  again 
drenched  with  H  Cl,  and  a  second  time  evaporated.  It  is 
finally  heated  for  an  hour  or  so  in  an  air  bath  at  260°  or  270"^ 
Fah.,  and  then  lixiviated  in  dilute  H  Cl  (10  pei  cent,  solution) 
with  the  aid  of  heat.  The  Silica  (Si  Og)  will  then  be  in  an 
insoluble  state.  Filter  off  the  precipitate, aud  thoroughly  wash 
Avith  hot  distilled  water  till  the  washings  from  the  filter  are 
free  from  chlorides.  Dry  the  filter  and  its  contents,  ignite 
and  weigh  the  Sio2^  The  weight  multiplied  by  25  =  % 
silica  in  the  sample. 

Note. — For  the  purpose  of  daily  comparison,  the  quantities 
of  sodium  sulphate,  sulphide,  chloride  and  silica  are  fre- 
quently expressed  on  25  or  50  parts  of  alkali  (Na^  O).  In 
this  way  any  change  in  the  composition  of  the  liquors  can  be 
detected  at  once. 


ACIDIMETRY 

Is  the  reverse  of  alkalimetry — that  is  to  say,  acids  are  estimated 
by  standard  alkaline  solution,  caustic  soda  being  most  commonly 
used. 

Standard  Caustic  Soda  Solution. — The  strength  of  this 
solution  should  be  such  that  1  c.c.  of  it  will  exactly  neutralize 
one  c.c.  of  half  normal  sulphuric  acid  (see  pase  ),  and  therefore 
it  is  "half  normal  caustic  soda" — i.e.,  one  litre  should  contain 
half  an  equivalent  or  31  grammes  of  soda,  NaoO.  Itismade 
up  as  follows  : — Dissolve  50  grammes  of  pure  caustic  soda  in 
500  c.cs.  distilled  water,  cool,  and  then  dilute  to  1,100  c.cs. 
Draw  off  50  c.cs.  with  a  pipette,  transfer  to  a  porcelain  dish, 
add  a  few  drops  of  neutral  litmus,  and  then  titrate  with  half- 
normal  sulphuric  acid  till  one  drop  of  the  latter  changes  the 
litmus  to  red.  If  the  caustic  soda  is  free  from  carbonate  the 
transition  from  blue  to  red  should  be  decided.    The  number  of 
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CCS.  of  S04  taken  represents  the  extent  to  which  every 

50  CCS.  of  the  caustic  soda  solution  must  be  diluted.  Assuming, 
by  way  of  example,  that  60  c.cs.  of  half-normal  acid  were 
required  to  produce  the  change  of  colour,  or  neutralise  the 
soda,  then  50  c.cs.  of  the  caustic  soda  will  require  to  be  diluted 
to  60  CCS.  or  1,000  c.cs.  to  1,200  c.cs. 


BISULPHITE  OF  LIME,  SODA,  OR  MAGNESIA. 

In  the  sulphite  wood  pulp  manufacture,  the  "bisulphite" 
liquors  should  be  tested   tor  percentage   of   "free"  and 

combined  "  S  O^.  This  is  done  by  first  estimating  the  total 
S  O2  with  Ygth  normal  iodine,  and  deducting  from  this  result 
the  amount  of  "  free  "  acid  ascertained  by  titration  with  -aVh 
normal  soda  (1  c.c  =  0'0031  Na^  O). 

Preparation  of  "  y^th  Normal  Iodine." — Weigh  off 
12*7  grammes  of  pure  resublimed  iodine  and  25  grammes  of 
pure  iodide  of  potassium,  and  place  both  in  a  beaker  glass. 
Dissolve  in  250  c.cs.  or  so  of  cold  water  by  continued  agitation. 
When  the  whole  of  the  iodine  is  dissolved,  transfer  the  solu- 
tion to  a  litre  flask,  and  make  up  the  volume  to  1,000  c.cs. 
According  to  the  reaction  1 2  +  S02  +  2H2  0  =  2HI  +  Il2S  O4, 
two  equivalents,  or  254  parts  iodine,  are  equal  to  one  equivalent, 
or  64  parts  of  S  O2.  Therefore,  12-7  parts  iodine  are  equal  to 
3*2  parts  S  Oo.  One  c.c.  of  the  -j-\^th  normal  iodine  is  equal  to 
O-00032  S  02^ 

(a)  Total  S  O2. — Dilute  10  c.cs.  of  the  "bisulphite" 
liquor  to  100  c.cs.  with  water,  mix  and  withdraw  10  c.cs. 
(11  1  c.c  of  the  original  liquor)  of  the  solution  with  a  pipette, 
and  transfer  to  a  small  flask  containing  about  100  c.cs.  water. 
Now  add  a  few  drops  of  a  solution  of  starch,  and  then  the 
iodine  from  a  barette,  till  a  pale  permanent  blue  colour  of 
iodide  of  starch  is  formed.  This  solution  is  kept  for  the 
"  free  "  acid  test,  as  described  below.  The  number  of  c.cs. 
of  iodine  consumed  multiplied  by  0*0032  x  100  —  %  of  total 
S02  by  volume  in  the  bisulphite  liquor. 

(h)  Free  S  O2.— The  fluid  in  the  flask  from  "«,"  after 
the  above  test  is  performed,  is  decolourised  with  a  drop  of  the 
weak  solution  of  the  bisulphite  liquor,  then  a  drop  of  a  5  per 
<;ent.  solution  of  phenolphthaline  in  alcohol  added,  and  the 
amount  of  acid  found  by  titration  with  ^^^th  normal  caustic 
soda  (100  c.cs.  of  half  normal  caustic  soda  made  up  to  1,000  c.cs. 
by  volume  with  water).  The  fluid  turns  pink  whenever  an 
excess  of  alkali  is  present.    By  deducting  the  number  of  c.cs. 
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of  iodine  found  in  "  a  "  from  the  number  of  c.cs.  of  soda  found 
in  "^,"ard  multiplying  the  remainder  by  0  0032  x  100,  the 
percentage  of  free  S  O2  is  obtained. 

The  base — i.e.,  lime  soda  or  magnesia— is  usually  found  by 
calculation  from  the  percentage  of  combined  S  O2  found  above. 
Thus,  by  multiplying  percentage  of  combined  8  by  0*875, 
the  amount  of  lime  (Ca  O)  in  combination  with  the  S  O2  will 
be  obtained. 

(c)  Lime  as  Base.  —  If  it  be  desired  to  ascertain  the 
amount  of  lime  (Ca  O)  by  actual  test  in  solutions  of  hisulpJiite 
of  lime,  5  c.cs.  of  the  strong  liquor  are  transferred  to  a  flask, 
diluted  with  a  100  c.cs.  or  so  of  water,  and  ammonium  hydrate 
added  in  slight  excess.  The  ammonia  precipitates  the  Ca  S  O3. 
The  mixture  is  then  gently  boiled  till  all  smell  of  ammonia 
has  disappeared,  the  precipitated  Ca  S  O3  filtered  off,  and 
w^ashed  with  hot  water,  and  finally  transferred,  together  with 
the  filter  paper,  to  a  beaker  glass  containing  about  250  c.cs.  of 
water,  and  after  acidifying  with  5  c.cs.  of  acetic  acid,  titrating 
with  y\jth  normal  iodine.  Number  of  c.cs.  of  iodine  consumed 
multiplied  by  0*0028  x  20  will  give  the  percentage  by 
volume  of  Ca  O  or  "  lime-base." 

{d)  Soda  as  Base. — The  percentage  of  combined  So.^ 
found  in  pure  solutions  of  bisulphite  of  soda  multiplied  by 
0*969  will  give  the  percentage  of  Nag  O  as  "  soda-base." 

(e)    Magnesia  as  Base. — The  percentage  of  combined 

S02   found   in   pure   solutions  of  bisulphite  of  magnesia 

multiplied  by  0*645  will  give  the  percentage  of  Mg  O  as 
"  magnesia-base." 

Estimation  of  S  O2  in  Gases  from  Sulphur  or  Pyrites 
Kilns  (Reich's  Method). — The  percentage  by  volume  of  S 
in  these  gases  is  best  ascertained  as  follows,  with  the  aid  of  tne 
apparatus  shown  in  the  accompanying  sketch.  Ten  c.cs.  of 
-ij^th.  normal  iodine  is  placed  in  together  with  100  c.cs.  water, 
a  few  drops  of  starch  solution,  and  a  pinch  of  bicarbonate  of  soda. 
The  bottle  aspirator  c  is  filled  with  water,  and  the  syphon  pipe 
^'  set by  suckiDg  the  water  past  the  pinch  cock  d.  The  tube  (a) 
is  then  inserted  into  the  pipe  conveying  the  gases  from  the 
sulphur  or  pyrites  kilns,  and  by  opening  the  pinch  cock  on  the 
syphon  arm  the  kiln  gases  are  drawn  through  the  iodine  solution 
in  6,  w^here  the  S  is  absorbed.  Instantly  the  blue  colour 
in  h  disappears  the  pinch  cock  is  closed.  Before  beginning 
the  operation  the  measuring  glass  should  be  empty,  but  the 
water  caught  in  it  during  the  test  is  a  direct  measure  of  the 
amount  of  air  which  has  passed  through  the  iodine  solution  in 
h.  We  will  call  this  volume  of  air  x.  The  10  c.cs.  of  iodine 
correspond  to  11*14  c.cs.  of  gaseous  S  O2,  and  by  adding  this  to 
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X  we  obtain  the  total  volume  of  gases  which  passed  into  a. 
The  percentage  volume  of  S  Oo  is  therefore  found  thus— 

11-14x100 

X  -|-  11 -14"  ^2      volume  in  kiln  gases. 


This  calculation  may  be  avoided  by  referring  to  the  following 
(table,  viz.  :  — 


Cos.  Water  in 

%  S  0^  by 

C.cs.  Water  in 

%  S  0^  by 

Measuring  Glass, 

Volume. 

Measuring  Glass. 

Volume 

82 

12-0 

128 

8-0 

86 

11-5 

138 

7-5 

90 

11-0 

148 

7-0 

95 

10-5 

160 

6-5 

100 

10-0 

175 

6-0 

106 

9-5 

192 

5-5 

113 

9-0 

212 

5-0 

120 

8-5 

DETERMINATION  OF  FREE  RESIN,  ETC., 
IN  RESIN  SIZE. 

Dr.  Soheufelen's  Method. 

(a)  Free  Resin. — 100  c.cs.  of  the  cold  sizing  liquor  are 
taken  and  mixed  with  about  25  c.cs.  of  sulphuric  ether  in  a 
separating  funnel  of  vase-like  shape,  and  well  shaken  for  a 
minute.  After  standing  for  a  little  the  liquor  will  separate  into 
two  sharply  defined  layers.    The  ether  will  have  completely 
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taken  up  the  milky  free  resin  and  assumed  a  brownish  colour, 
while  underneath,  the  aqueous  lay  er  will  be  perfectly  clear.  This 
contains  the  dissolved  soda  and  resin  soap,  of  which  not  a  trace 
has  passed  into  the  ether  solution.  A  separation  of  the  two 
liquids  can  be  easily  made  by  the  funnel.  The  aqueous  solution 
is  first  run  off  into  a  small  alembic,  and  set  aside  for  treatment 
as  at  and  then  the  ether  into  a  previously  weighed  cup  or 
small  flask,  according  as  the  ether  is  to  be  evaj^orated  or 
distilled. 

The  ether  part  is  then  heated  in  a  water  bath  till  all  the 
ether  has  been  expelled.  The  residue  is  then  melted,  dried, 
and  weighed.  The  vvei^];lit  represents  the  amount  of  free  resin 
in  the  100  c.cs.  of  size  liquor  taken. 

(b)  Combined  or  Saponified  Resin.  ■ —  The  aqueous 
solution  containing  the  resin  soap  and  free  soda  is  acidified 
with  dilute  H  CI.  or,  better  still,  acetic  acid.  The  acid  which 
combines  with  the  soda,  causes  a  precipitation  of  free  resin 
in  the  form  of  flakes.  This,  as  in  the  previous  case,  is  deter- 
mined by  shaking  up  with  ether,  &c. ,  as  in  a.  The  weight 
thus  obtained  represents  the  resin  existing  in  the  size  as  resin 
soap.  It  is  best  to  add  the  ether  to  the  solution  before 
acidifying.  The  sum  of  a  and  h  represents  the  total  resin, 
but,  as  a  check,  the  total  resin  can  be  estimated  by  acidifying 
100  c.cs.  of  the  sizing  liquor  and  proceeding  as  in  a. 

Note. — If  starch  is  present  in  the  size,  some  precautionary 
measures  must  be  taken.  In  analysing  the  resin  liquor  the 
ether  liquor  does  not  separate  so  readily  from  the  watery  part, 
but  by  adding  a  few  grains  of  table  salt  and  shaking,  the 
separation  ensues  at  once. 


BLEACHING  POWDER   AND   BLEACH  LIQUORS. 

The  value  of  a  bleaching  powder  or  bleach  liquor  depends 
upon  the  amount  of  available  chlorine  it  contains.  Penot's 
method  of  analysis  is  most  frequently  used,  and  is  based  upon 
the  following  reaction :  — 

AS2O3  +  Ca  (CI  0)2  -  AsA\  +  Ca  Cl^ 

Alkaline  arsenite  is  converted  into  arsenate  by  the  bleaching 
powder.  The  end  of  the  reaction  is  indicated  with  potassium 
iodide  and  starch.  One  equivalent  of  AS2O3  are  equal  to  two 
of  O  or  four  of  CI. 

Pkeparation  of  Alkaline  Arsenite. — 4-95  grammes  of 
pure  resublimed  arsenious  acid  are  dissolved  by  gently  boiling 
in  200  c.cs.  of  water  containing  25  grammes  of  crystallised 
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carbonate  of  soda.  When  the  As^  O3  is  dissolved  and  the 
solution  cooled,  make  up  the  volume  to  exactly  one  litre. 
One  c.c.  of  this  solution  is  equivalent  to  0-00355  CI. 

Preparation  or  Iodo  Starch. — Three  grammes  of  wheat 
starch  rubbed  into  a  cream  with  a  little  water,  and  then 
poured  into  200  c.cs.  of  warm  water.  Heat,  with  constant 
stirring,  till  the  mixture  boils.  Add  1  gramme  of  potassium 
iodide,  and  dilute  to  ^  a  litre. 

Iodide  and  Starch  Test  Papers  are  made  by  dipping 
strips  of  Swedish  filter  paper  in  the  above  mixture,  and  drying, 
in  a  pure  atmosphere. 

The  Valuation  or  Bleach. — Weigh  off  3  "55  grammes  of  the 
sample,  place  in  a  small  porcelain  mortar,  and  rub  in  waier  to 
a  thin  cream.  Transfer  to  a  litre  flask,  and  make  up  the  volume 
to  one  litre.  Mix,  and  Avhile  the  solution  is  still  cloudy  draw 
off  100  c.cs.  of  the  fluid  (corresponding  to  0*355  grammes  dry 
bleaching  powder)  and  place  in  a  beaker.  Dilute  with  a 
further  addition  of  100  c.cs.  water.  Now  pour  in  the  standard 
solution  of  arsenite  of  soda,  stirring  meanwhile  till  one  drop 
transferred  with  a  glass  rod  to  a  piece  of  the  iodide  and  starch 
test  papers  does  not  produce  a  blue  colouration.  The  number 
of  c.cs.  of  standard  arsenic  solution  consumed  is  directly 
equivalent  to  the  percentage  of  available  chlorine  in  the^ 
sample — e.g.^  if  35*4  c.cs.  are  consumed,  then  the  percentage 
of  available  chlorine  in  the  sample  is  35'4. 

Bleach  liquors  are  tested  for  available  chlorine  in  the  same 
way,  but  the  final  calculation  is  made  in  accordance  with  the 
volume  of  bleach  liquor  used,  and  the  value  of  the  arsenite 
solution,  in  terms  of  available  chlorine.  Thus,  if  5  c.cs.  of  bleach 
liquor  be  diluted  with  2(J0  c.cs.  of  water,  and  the  arsenite 
solution  run  in  till  the  blue  iodide  of  starch  ceases  to  be  formed 
on  the  test  papers,  the  number  of  c.cs.  run  off  multiplied  by 
0*00355  X  20  will  give  the  percentage  by  volume  of  available 
chlorine  in  the  liquor. 

To  obtain  grammes  available  chlorine  per  litre  x  10. 

To  obtain  grammes  35  per  cent,  bleaching  powder  per  litre 
X  grammes  available  chlorine  by  10,  then  by  100,  and  divide 
by  35. 


EXAMINATION    OF  ULTRAMARINE. 

Samples  of  ultramarine  should  be  compared  with  a  standard 
sample  when  examining  them  for  shade.  Small  portions  of 
the  samples  are  placed  side  by  side  upon  a  sheet  of  white 
paper,  and  after  folding  the  paper  over  and  flattening  them 
are  compared  for  shade. 
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Colouring  Power. — This  is  usually  ascertained  by  mixing 
the  ultramarine  with  china  clay  or  pearl  hardening,  and  noting 
the  depth  of  shade  which  it  yields.  The  amount  of  ultramarine 
taken  should  be  in  proportion  to  its  price.  Thus,  two 
samples,  a  and  6,  each  costing,  say,  50s.  and  40s.  respectively 
per  cwt.,  are  examined  against  a  standard  sample  costing  45s. 
per  cwt.,  as  follows: — 0*50  grammes  of  a,  0-40  grammes  of  6,  and 
045  grammes  of  the  "standard"  are  each  mixed  separately 
with  25  grammes  of  china  clay  or  pearl  hardening,  and  the 
depth  of  shade  compared.  The  sample  yielding  the  deepest 
shade  of  blue  is  the  best  value. 

Their  Power  to  Withstand  Acids. — Ultramarines  for 
paper  manufacture  should  not  be  readily  decomposed  by  weak 
acids.  To  ascertain  this  a  weighed  portion  of  the  sample  is 
shaken  up  in  a  clear  glass  bottle  with  a  solution  of  oxalic  acid, 
containing  50  grammes  of  the  crystallized  acid  per  litre.  This 
is  compared  with  an  equal  weight  of  the  standard  sample 
treated  in  a  precisely  similar  way. 

Its  Power  to  Withstand  Alum  or  Sulphate  of 
Alumina. — The  sample  is  submitted  to  the  same  treatment 
as  the  foregoing,  but  instead  of  a  solution  of  oxalic  acid  a 
solution  of  alum  or  sulphate  of  alumina  is  used,  containing  50 
grammes  of  the  salt  to  the  litre.  Both  acids  and  alums  have 
the  property  of  decomposing  and  decolourizing  ultramarines. 


ALUM  AND  SULPHATE  OF  ALUMINA,  ALUMIN- 
OUS CAKES,  AND  ALUMINO-FERRIC  CAKE. 

Nearly  all  these  products  are  fairly  constant  in  com- 
position, and  seldom  require  to  be  analysed  in  full.  The 
only  impurity  of  importance  to  papermakers  which  they 
contain  is  iron,  and  if  this  be  present  in  large  quantity  it 
can  be  estimated  with  J^th  normal  permanganate  solution, 
or  by  the  colour  test,  using  sulpho-cyanide  of  potassium, 
or  ferro- cyanide  of  potassium  as  the  re-agent. 

Aluminous  cakes  prepared  from  china  clay  and  sulphuric 
acid  should  be  examined  for  dirt  and  grit.  The  latter  is 
derived  from  the  undecomposed  rock  frequently  mixed  with 
the  china  clay.  20  grammes  of  the  aluminous  cake  is  dissolved 
in  hot  water,  and  after  diluting  largely,  and  allowing  to  stand 
five  minutes,  the  milky  fluid  is  decanted.  The  sediment  is 
again  washed  in  the  same  way  four  or  five  times,  and  finally 
examined  on  a  fine  wire  gauge  or  filter. 


7 


94 


VALUATION  OF  SALT  CAKE  OR  CRUDE 
SULPHATE  OF  SODA. 

Salt  cake  is  a  granular  white  powder  possessing  a  slightly 
yellowish  or  greenish  yellow  tint.  It  is  obtained  by  acting 
upon  common  salt  with  oil  of  vitriol  in  cast-iron  pans  heated 
by  a  fire,  and  subsequent  roasting  at  a  red  heat  in  specially 
constructed  furnaces.  It  is  freely  soluble  in  water,  and 
evolves  heat  on  solution.  The  impurities  it  contains  are  free 
sulphuric  acid,  common  salt,  sulphate  of  lime,  and  ferric  and 
aluminic  sulphates,  with  a  small  quantity  of  insoluble  matter. 
It  is  usually  sold  on  the  basis  of  96  per  cent,  sulphate  of  soda, 
but  a  much  richer  product  can  be  obtained  if  desired.  It  is 
used  in  the  paper  trade  for  the  production  (1)  of  caustic  soda 
lyes  (Le  Blanc  process),  (2)  pearl  hardening,  and  (3)  sulphate 
wood  pulp. 

1.  Insoluble  matter. — Dissolve  50  grammes  of  the  sample 
in  hot  water  in  a  beaker,  and  filter  the  solution  through  a 
tared  filter  into  a  500  c.c.  flask.  Transfer  the  insoluble 
matter  from  the  beaker  to  the  filter  and  wash  with  hot  water. 
Dry  the  filter  and  contents  and  weigh.  The  increase  in 
weight  X  2  =  per  cent,  of  insoluble  matter. 

2.  Free  sulphuric  acid. — The  solution  in  the  flask  is 
cooled  and  made  up  to  500  c.cs.  with  distilled  water.  After 
it  is  mixed  draw  off  100  c.cs.,  and  titrate  with  Y\yth  normal 
caustic  soda,  using  red  litmus  paper  as  indicator.  The  number 
of  c.cs.,  of  y\th  normal  caustic  soda  taken  x  0-0049  X  I0=per 
cent,  free  acid. 

3.  Sodium  chloride  or  common  salt. — Ten  c.cs.  of  the 
filtered  liquor  from  1  are  transferred  to  a  small  beaker,  a  drop 
or  two  of  chromate  of  potash  solution  added,  and  the  chlorine 
estimated  withy\jth  normal  nitrate  of  silver,  as  set  forth  at 
page  86,  The  number  of  c.cs.  of  y\)th  normal  Ag  NOg  taken 
xO-00585xlOO=  per  cent,  of  Na  01. 

4.  Ferric  and  aluminic  oxides. — These  are  usually  esti- 
mated together  by  precipitation  with  ammonia.  Take  100 
c.cs.  of  the  fluid  from  1  place  in  a  beaker,  dilute  with  an 
equal  volume  of  water,  and  then  add  ammonia  in  slight  excess. 
Boil  till  the  smell  of  ammonia  has  disappeared,  and  filter  off 
the  precipitated  oxides,  collecting  the  filtrate  in  a  clean  flask. 
Wash  the  precipitate  thoroughly  with  hot  water,  adding  the 
washings  to  the  bulk  in  the  flask.  The  filter  and  contents  are 
then  dried,  ignited,  and  weighed.  Weight  x  10  =  per  cent. 
Feg  O3  and  Al^  O3.  During  ignition  a  bright  yellow  heat 
should  be  employed. 

5.  Calcium  sulphate. — The  filtrate  from  the  iron  and 
alumina  test  (4)  is  rendered  again  slightly  alkaline  with 
ammonia  heated  to  boiling  and  excess  of  oxalate  of  ammonia 
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added.  Set  aside  in  a  warm  place  for  two  or  three  hours,  and 
then  filter  off  the  precipitated  oxalate  of  lime.  After  washing 
well  with  water,  the  filter  and  contents  are  dried,  ignited,  and 
weighed.  Durinsj  ignition  the  oxalate  of  lime  is  converted 
into  carbonate.  Multiply  weight  of  precipitate  by  1-360,  and 
then  bj  10  =  per  cent,  of  sulphate  of  lime  in  the  sample. 

6.  Moisture  is  estimated  as  usual  by  drying  10  grammes 
in  the  water  bath  at  212^  Fah.  till  the  weight  is  constant. 
Loss  of  weight  x  10  =  per  cent,  moisture. 

7.  The  sulphate  of  soda  is  usually  not  determined,  but  is 
found  "by  difference" — i,e.,  the  sum  of  the  impurities  deducted 
from  100  yields  substantially  the  percentage  of  pure  sulphate 
of  soda  in  the  sample. 


CHINA  CLAYS. 

Colour,  fineness,  and  plasticity  are  the  necessary  features 
of  china  clays  for  papermaking.  The  examination  of  clays  is 
carried  out  as  follows  : — 

Water.  —  Ignite  2  grammes  of  the  clay  in  a  porcelain 
crucible  at  a  red  heat.  The  loss  in  weight  x  50  =  per 
cent,  of  water  (free  and  combined). 

Iron. — Digest  one  gramme  of  the  clay  about  212°  Fah. 
in  pure  hydrochloric  acid  for  a  few  hours,  dilute  with  distilled 
water,  filter,  and  add  a  few  small  crystals  of  yellow  prussiate 
of  potash  to  the  filtrate.  The  depth  of  the  colour  (Prussian 
blue)  formed  is  a  measure  of  the  amount  of  iron. 

Lime. — The  presence  of  lime  is  deleterious  to  the  sizing, 
due  to  the  formation  of  lime  soap.  One  gramme  of  the  dry  clay 
is  fused  in  a  platinum  crucible  with  5  grammes  of  a  mixture 
of  carbonates  of  soda  and  potash,  at  a  red  heat  till  the  fused 
mass  becomes  quiescent.  The  flux  is  allowed  to  cool,  dissolved 
in  H  CI,  the  fluid  neutralized  with  ammonia,  and  then  filtered. 
Add  to  the  filtrate  ammonium  oxalate.  If  lime  be  present 
in  any  quantity  a  white  precipitate  will  be  formed. 

Fineness. — To  ascertain  whether  sand,  undecomposed  rock, 
and  other  coarse  bodies  are  present,  20  grammes  of  the  clay 
are  rubbed  up  with  water  in  a  mortar,  and  then  sieved  through 
wire  gauze,  100  meshes  to  the  inch.  The  residue  remaining 
on  the  sieve  may  be  weighed. 

Plasticity. — The  measure  of  the  plasticity  of  a  clay  for 
papermaking  is  best  carried  out  in  the  following  way  : — Make 
up  a  thin  starch  paste  by  boiling  1  gramme  of  starch  in  a 
litre  of  water.  Place  100  ccs.  of  this  paste  together  with  5 
grammes  of  the  sample  of  clay  in  a  graduated  glass,  and  shake 
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well.  Allow  to  stand  at  rest  for  24  hours.  The  finer 
and  more  plastic  the  claj,  the  greater  its  miscibility  with 
the  starch  paste — i.e.,  the  less  it  settles  to  the  bottom  of  the 
vessel.    Various  samples  may  be  compared  in  this  way. 

Colour. — The  comparison  of  different  clays  for  colour  or 
whiteness  is  carried  out  by  separately  mixing  the  different 
samples  with  water  to  a  thick  paste,  and  placing  them  on  a 
porcelain  slab  side  by  side  for  examination. 

Examination  of  Starch  for  Adulterations. — Starch 
is  sometimes  adulterated  with  gypsum,  clay,  or  chalk,  and  in 
order  to  examine  it  for  these  bodies  ignite  5  grammes  or  so  of 
the  sample  in  a  platinum  crucible,  with  free  admission  of  air 
till  the  carbon  is  burnt  off.  The  residue  is  weighed,  and  the 
percentage  of  ash  calculated.  Pure  starch  should  leave  on 
burning  only  traces  of  ash.  If  there  is  considerable  ash  left, 
divide  it  into  three  parts,  to  one  add  dilute  H2  S  O^,  and  if 
effervescence  takes  place  carbonate  of  lime  is  present.  If  the 
effervescence  is  not  so  marked,  gypsum  or  clay  may  be 
present.  To  ascertain  whether  the  former  is  so,  a  second 
portion  of  the  residue  is  placed  upon  a  filter  and  washed  with 
cold  distilled  water.  Heat  the  filtrate  and  add  alcohol.  If  the 
fluid  turns  turbid,  gypsum  is  present ;  if,  on  the  other  hand,  no 
turbidity  is  produced,  the  third  portion  of  the  ash  is  gently 
heated  with  concentrated  S  in  a  platinum  dish  over  a 
spirit  lamp,  and,  after  cooling,  the  thin  pasty  fluid  is  diluted  by 
pouring  it  into  distilled  water.  Filter  and  add  carbonate  of 
soda  solution  to  the  filtrate  till  no  further  effervescence  takes 
place.    If  a  precipitate  is  formed,  clay  is  present. 

In  the  foregoing  tests  the  water  and  chemical  re-agents  must 
be  perfectly  pure 

Starch  is  sometimes  adulterated  with  woody  fibre,  and  in 
order  to  ascertain  whether  or  not  this  is  present,  20  grammes 
starch  are  rubbed  down  with  200  c.cs.  of  diluted  hydrochloric 
acid,  and  boiled  a  quarter  of  an  hour.  The  starch  is  thus  con- 
verted into  a  soluble  combination.  The  fluid  is  filtered  whilst 
warm,  and  the  residue  in  the  filter  boiled  for  a  short  time  in  a 
dilute  solution  of  potash  lye.  The  residue  is  again  filtered 
off,  washed  with  hot  water  till  the  washings  are  free  from 
alkali,  and  dried  at  212°  Fah.  and  weighed. 

Examination  of  Resin. — Good  resin  should  on  breaking 
show  a  glistening  fracture,  and  should  appear  clear  and  trans- 
parent when  held  towards  the  light.  It  usually  contains  5  per 
cent,  of  mechanically  mixed  impurities,  and  when  it  contains 
turpentine  it  appears  turbid  or  cloudy.  The  following  process 
has  been  recommended  as  a  means  of  ascertaining  its  value 
for  paper  manufacture.  100  grammes  are  dissolved  in  a 
capacious  glass  vessel  with  25  grammes  of  carbonate  of  soda,  and 
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water.  When  effervescence  has  ceased,  the  mixture  is  allowed 
to  cool,  and  the  black  or  brown  lye  removed  by  decantation. 
Dissolve  25  grammes  of  ammonia  soda  in  ^th  of  a  litre  of 
water,  add  to  the  resin  soap,  and  shake  well,  heat  to  boiling, 
allow  to  cool,  and  finally  ponr  off  the  separated  lye.  The  resin 
soap  is  now  dissolved  in  a  litre  of  distilled  water,  and  then 
decomposed  with  the  addition  of  dilute  sulphuric  acid — i.e., 
the  acid  is  added  till  the  mixture  shows  a  strong  acid  reaction 
with  blue  litmus  paper.  The  precipitated  resin  sinks  to  the 
bottom,  pour  off  the  clear  liquid,  and  wash  several  times  by 
decantation  with  pure  water.  The  precipitate  is  then  removed, 
and  placed  upon  a  piece  of  blotting  paper  to  drain,  then  dried 
in  the  air  on  a  porous  earthenware  tile,  and,  lastly,  weighed. 
If  the  fluid  remains  tarbid  or  milky  after  the  addition  of 
the  dilute  sulphuric  acid  it  may  be  filtered. 


WATER. 

The  bodies  present  in  water  which  have  an  influence  on  the 
operations  of  papermaking  are  chiefly  lime,  sulphuric  acid 
(sulphates),  chlorine  (chlorides),  and  iron. 

The  presence  of  Lime  may  be  detected  by  adding  oxalate  of 
ammonia  to  a  quantity  of  the  water  placed  in  a  clean  test  tube, 
and  if  a  white  precipitate  is  formed  after  heating,  lime  salts  are 
present. 

Sulphates  may  be  detected  by  acidifying  a  small  quantity 
of  the  water  with  a  drop  or  two  of  H  CI,  and  adding  barium 
chloride.  A  white  precipitate  indicates  the  presence  of 
sulphuric  acid  (sulphates). 

Chlorides  are  detected  by  adding  nitrate  of  silver  to  the 
water,  acidified  with  a  drop  of  pure  nitric  acid.  A  white 
precipitate  of  chloride  of  silver  indicates  the  presence  of 
chlorides. 

Iron  is  usually  detected  by  means  of  yellow  prussiate  of 
potash.  This  salt  forms  Prussian  blue  with  iron  salts.  A  test 
tube,  12  inches  long  by  1 J  inches  in  diameter,  is  filled  with  the 
sample  of  water,  and  a  small  crystal  of  yellow  prussiate  of 
potash  added.  Shake,  and  allow  to  stand  15  minutes  or  so. 
By  looking  down  the  tube  very  small  quantities  of  Prussian 
blue,  due  to  the  presence  of  iron,  can  be  detected. 

Lime  salts  (and  magnesia)  are  almost  invariably  present  in 
all  natural  waters,  and  hence  these  are  more  or  less  "hard." 
On  heating  such  waters  the  carbonic  acid  holding  the  lime  in 
solution  is  driven  off,  and  carbonate  of  lime  is  precipitated. 
The  sulphates  and  chlorides  remain  in  solution  for  the  most 
part.    The  "total  hardness"  of  a  natural  water  is  therefore 
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divided  into  ''temporary  hardness" and  "  permanent  hardness" 
—  the  former  representing  the  bodies  (chiefly  lime)  which  are 
precipitated  by  boiling  the  water  to,  say,  Jth  of  its  bulk,  whilst 
permanent  hardness  represents  those  bodies  which  remain  in 
solution  after  such  treatment.  The  hardness  of  a  water  is 
expressed  in  degrees,  each  one  of  which,  according  to  Frank- 
land's  scale,  represents  1  grain  of  calcic  carbonate,  or  its 
equivalent  of  any  other  calcium  or  magnesium  salt,  in  100,000 
grains  of  water  (  =  0-01  grm.  per  litre).  On  the  other  hand, 
one  degree  of  hardness,  as  indicated  by  Dr.  Clark's  soap  test,  is 
equivalent  to  one  grain  of  calcic  carbonate  per  gallon.  Dr. 
Clark's  soap  test  is  carried  out  as  follows: — Total  hardness. 
— Place  70  c.cs.  of  the  water  in  a  well  stoppered  glass  bottle, 
and  add  a  standard  Clark's  soap  solution  from  a  burette,  little 
by  little  at  a  time,  and  shaking  up  well  after  each  addition, 
until  a  permanent  froth  is  formed  on  the  surface  of  the 
water.  The  c.cs.  soap  solution  zz  degrees  of  total  hardness. 
Permanent  hardness. — 70  c.cs.  of  the  water  are  evaporated  to 
Jth  of  its  bulk,  filtered  through  a  small  filter  of  Swedish  paper, 
and  the  filtrate,  after  being  made  up  to  70  c.cs.  with  dis- 
tilled water,  treated  with  the  soap  solution  in  the  above 
way.  The  number  of  c.cs.  consumed  represents  the  degrees 
of  permanent  hardness  of  the  water.  Temporary  hardness  is 
obtained  by  deductiog  the  number  of  degrees  of  permanent 
hardness  from  the  degrees  of  "  total  hardness." 


EXAMINATION    OF  COAL. 

1.  Moisture. — Heat  100  grammes  of  the  sample  to  105° 
C  (not  above)  for  two  hours  or  so  in  a  covered  crucible,  to 
prevent  fi  ee  ingress  of  air.  The  crucible  must  be  covered  to 
avoid  partial  oxidation  and  escape  of  volatile  matter. 
Towards  the  end  of  the  drying  process  the  weight  should 
remain  constant.  Loss  of  weight  —  per  cent,  of  moisture. 

2.  Fixed  Carbon  or  Residual  Coke. — 5  grammes  of 
the  sample  are  placed  ia  a  deep,  narrow  platinum  crucible, 
provided  with  a  tight-fitting  cover,  and  heated  to  a  dull 
redness  over  the  flame  of  a  Bunsen's  burner  until  volatile 
matter  ceases  to  escape.  The  flame  of  the  burner  should  be 
large  enough  to  envelope  the  crucible  and  maintain  it  in  a 
state  of  uniform  redness.  The  crucible  should  be  supported 
on  a  triangle  of  thin  platinum  wire.  The  test  is  repeated  two 
or  three  times,  and  the  average  weight  of  coke  obtained, 
multiplied  by  20,  noted  as  the  true  percentage  of  fixed  carbon. 

3.  Ash.  The  fixed  carbon  or  coke  obtained  from  the 
tests  in  2,  is  pulverised  in  a  mortar,  dried,  and  one  gramme 
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weighed  off,  placed  in  a  platinum  crucible,  and  ignited  over 
the  flame  of  the  Bunsen  burner  till  all  carbon  is  burnt  off. 
The  weight  of  ash  obtained,  multiplied  by  the  percentage  of 
fixed  carbon,  gives  the  per  cent,  of  ash.  The  crucible  should 
be  supported  on  a  thin  platinum  triangle,  and  tilted  slightly 
on  one  side,  to  allow  freer  access  of  air ;  or,  better,  it  is  fitted 
in  a  hole  in  an  asbestos  board,  and  placed  in  a  slanting  position 
on  a  tripod  stand.  The  asbestos  board  serves  to  separate  the 
air  required  for  oxidation  from  the  gases  of  the  burner,  and 
thus  greatly  hastens  the  combustion  of  the  carbon  *  *  *  * 
If  the  ash  in  a  coal  is  to  be  determined,  then  one  gramme  of 
the  coal  is  weighed  off  and  ignited  as  above,  the  result  being 
multiplied  by  100  to  find  per  cent. 

4.  Volatile  Matter.  —  This  is  usually  obtained  by 
difference  ;  that  is  to  say,  the  sum  of  the  percentages  of 
moisture,  coke,  and  ash  found  above,  are  deducted  from  100, 
the  remainder  being  noted  as  volatile  matter. 


CHIMNEY  GASES. 

In  these  C02,  O,  Co,  and  N  (by  difference)  are  most  con- 
veniently estimated  by  means  of  the  well-known  Orsat's 
apparatus.  In  this  apparatus  the  Co^  is  estimated  by  absorb- 
tion  with  aqueous  solution  of  caustic  potash  of  specific  gravity 
1.20  — 1*28.  The  oxygen  by  absorbtion  with  thin  sticks  of 
phosphorus,  ^th  inch  diameter,  kept  at  a  temperature  of 
18°  C  under  water,  and  free  from  light  and  tarry  matters,  &c. 
The  absorbtion  is  too  slow  at  a  less  temperature  than  18°  C 
Pyrogallate  of  potash — pyrogallic  acid  in  aqueous  solution 
of  caustic  potash — is  frequently  used  for  determining  the 
oxygen.  Phosphorous  is  preferable.  The  carbonic  oxide  Co, 
is  determined  by  absorption  in  cupric  chloride  dissolved 
in  hydrochloric  acid  in  the  presence  of  metallic  copper 
(10  grammes  Cu  Cl^  90  c.cs.  of  concentrated  H  CI,  20  c.cs., 
water  and  sheet  copper  sufficient  to  reduce  it,  the  whole 
brought  together  at  least  24  hours  before  using).  This  solution 
should  be  frequently  renewed. 


TEMPERATURE    OF  FLUES. 

Up  to  300°  C.  the  temperature  of  flues  can  be  taken  by 
means  of  long  mercurial  thermometers,  taking  care  that  the 
bulb  of  the  thermometer  is  well  in  the  stream  of  the  flowing 
gases,  or  towards  the  centre  of  the  flue.    The  stem  should  be 
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long  enough  that  the  readings  can  be  taken  while  the  ther- 
mometer is  in  place.  For  temperatures  higher  than  this, 
Fischer's  Calorimetric  Pyrometer  is  the  most  suitable  ap- 
paratus. It  consists  of  (1)  a  wrought-iron  box  with  lid, 
welded  to  the  end  of  a  long  rod,  by  means  of  which  it  can 
be  thrust  into  the  space  whose  temperature  is  required. 
(2.)  A  small  cylinder  of  wrought-iron,  copper,  or  platinum, 
preferably  the  former,  say,  2  c.  long  by  1  c.  diameter  whose 
weight  is  accurately  known.  This  cylinder  is  placed  in 
the  iron  box,  and  exposed  to  the  heat  of  the  furnace  or  flue. 
(3.)  The  Calorimeter,  a  cylindrical  vessel  made  of  thin  sheet 


copper,  about  6  c.  diameter  by  15  c.  deep.  This  vessel  is 
enveloped  by  a  wrapping  of  soft  loose  wool,  fur,  or  such  like 
substance,  and  then  by  a  thick  wooden  jacket.  It  is  provided 
with  a  brass  cover,  having  two  holes,  through  one  of  which  a 
fine  stencilled  thermometer  graduated  in  tenths  of  degrees  is 
passed,  whilst  the  other,  2  c.  in  diameter,  is  for  dropping  in 
the  hot  cylinder.  Through  this  hole  the  wire  handle  of  a 
copper  disc,  a  little  less  in  diameter  than  the  vessel,  also 
passes,  which  serves  as  a  stirrer.  The  operation  of  taking  the 
temperature  is  performed  as  follows : — The  Calorimeter  is  filled 
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two-thirds  with  an  accurately  weighed  or  measured  quantity 
of  water,  and  its  temperature  t°,  taken  with  the  thermometer,  is 
read  off  and  noted.  Immediately  afterwards,  the  small  iron 
cylinder  (2),  which  should  have  been  exposed  in  the  iron  box 
(1)  for  at  least  twenty  minutes  in  the  flue  or  furnace,  whose 
temperature  is  to  be  ascertained,  is  rapidly  withdrawn  and 
dropped  into  the  Calorimeter.  The  cylinder  falls  upon  the 
disc  of  the  stirrer,  which  is  rapidly  moved  up  and  down,  the 
temperature  meanwhile  being  constantly  watched.  When  this 
is  at  its  maximum  it  is  read  off  and  noted  as  t^.  It  p  —  the 
weight  of  the  metal  cylinder,  and  c  zz  its  specific  heat  (specific 
heat  of  copper  —  0  094  :  of  wrought-iron  0*114  ;  for  platinum 
0  032,  but  these  increase  with  the  temperature,  so  that  there  is 
here  a  source  of  inaccuracy)  ;  —  the  weight  of  the  water 
within  the  Calorimeter,  added  to  the  water-weight  of  the 
copper  vessel  and  stirrer  itself  (water- weight  means  the  actual 
weight  multiplied  by  the  specific  heat,  z.e,,  0*094  for  copper  ; 
the  thermometer,  if  very  slender,  may  be  left  out  of  the  calcu- 
lation). The  temperature  of  the  hot  cylinder  T  is  found 
by  the  formula: — 

T  =  ^1  -f  jt?!  fti  -  t^) 
p.  c. 

If  p^  and p  are  constant,  the  magnitude  —  can  be  converted 

pc 

into  a  factor,  by  which  the  difference  of  thermometer  readings 
is  multiplied,  thus  at  once  yielding  the  temperature  sougnt, 
after  the  first  temperature  has  been  added  to  the  product. 
For  practical  purposes  it  is  convenient  to  choose  the  quantities, 
so  that  this  factor  becomes  a  simple  number.    For  very  high 

temperatures  the  value  —  should  not  be  less  than  50.  For  lower 

ones  it  will  be  sufficient  if  it  is  25,  but  it  should  not  be  chosen 
less  than  25.  The  same  factor  will,  with  the  same  apparatus, 
yield  Fahrenheit  degrees  if  a  Fahrenheit  thermometer  is  used 
instead  of  a  Centigrade  one.  The  mean  specific  heat  of  iron 
between  C  and  C  is  G.  z:  0*1053  +  0*000071  (B^de). 
By  means  of  this  value  for  the  mean  specific  heat  of  iron,  the 
temperature  can  be  calculated  according  to  the  formula  : — 

/  /l>^(«^-i*^)  +  jyi' (O-1053  +  0-000071^1)  \ 
T  -  V    (  O-000071  p  —  +  '^49822  j  741*47 

(Akali  Maker's  *Fa:idbook;y  ,^  , 
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PAPER  TESTING  (Machine  Made). 
(Based  on  Hertzberg's     Papier  Prilfung.^^) 

1.  The  absolute  strength  of  a  paper  is  determined  by 
ascertaining  the  weight  necessary  to  break  a  strip  of  standard 
width,  but  as  the  strain  which  is  required  to  break  the  strip 
varies  with  the  thickness  of  the  paper,  Hartig  expresses  the 
results  in  so-called  "breaking  length."  This  is  calculated 
from  the  power  used  to  break  the  strips,  and  from  tbeir  weight. 
Breaking  length  is  defined  as  that  length  of  paper  of  any  breadth 
and  thickness  which  when  suspended  would  break  by  its  own 
weight  at  the  point  of  suspension.  Breadth  and  thickness  have 
no  influence  on  this  value. 

Machine-made  paper  is  stronger  in  the  direction  in  which  the 
machine  runs  than  at  right  angles  to  it  or  across  the  machine, 
the  difference  being  usually  in  the  proportion  of  15  to  12.  The 
expansion  also  varies,  being  less  in  the  machine  direction  than 
across,  the  proportions  being  very  nearly  the  same  as  those  of 
the  strength.  The  same  differences  are  found  in  hand-made 
papers,  but  in  a  less  degree. 

To  determine  the  ' '  tensile  strength  "  it  is  first  of  all  necessary 
to  ascertain  the  "  machine  "  and  "  cross  "  direction  of  the  sheet 
of  paper  under  examination.  In  the  case  of  sized  papers,  cut  a 
disc,  three  inches  diameter,  float  it  on  water  to  thoroughly  wet 
one  side  only,  remove  to  the  palm  of  the  hand,  wet  side  down- 
wards, until  two  sides  bend  and  curl  inwards.  A  line  drawn 
through  the  centre  of  the  sides  which  have  curved  upwards  is 
the  direction  across  the  machine,  and  one  at  right  angles  to  this 
indicates  the  "  machine  "  direction.  Cut  oS  five  strips  parallel 
to  each  direction,  180  cm.  long  by  15  m.m.  wide  (best  done 
by  a  machine  constructed  for  the  purpose,  but,  failing  this, 
with  an  iron  ruler,  zinc  plate,  and  sharp  knife),  and  carefully 
mark  each.  It  is  necessary  to  make  five  individual  tests  with 
the  strips  cut  from  the  two  directions"  in  order  to  average 
them.  The  best  machine  for  ascertaining  the  breaking  weight 
of  the  strips  is  that  invented  by  Louis  ^chopper.  This  machine 
registers  automatically  the  breaking  weight  in  kilogrammes, 
and  the  amount  of  stretch  in  per  cents,  and  millimetres,  which 
the  strip  of  normal  length — viz.,  180  m.m.  long — undergoes 
during  the  trial.  It  is  not  necessary  to  make  more  than  five 
trials  with  strips  cut  from  the  sample  in  each  direction.  The 
average  breaking  weight  and  expansion  or  stretch  is  recorded 
in  each  case,  and  the  strips  torn  off  from  betvreen  the  clamps  of 
the  testing  machine^  gh(^uld , -be  rol]ed  ^u.p"  and  afterwards 
%  \!^ei^hie?lj  'totar  weio ht  of  the  fiv^^,  stripe  and  the  average 
b'^ii'g  (J.u*y*rec9r(^^d.  TJi,^  length  between  th3  clamps  is  exactly 
'  r80°m'im''.  '  These  figures  may  be  catalogued  ^s  foUows: — 
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Machine  Direction. 

Cross  Direction. 

Strip 
No. 

Breaking 
Strains. 

Kg. 

Expan- 
sion. 

% 

Weights. 

grammes. 

Strip 
No. 

Breaking 
Strains. 

Kg. 

Expan- 
sion. 

X 

Weights, 
grammes. 

Total 

Total 

Average 

Average 

Assuming  the  average  breaking  weight  expressed  in  kilo- 
grammes to  be  a,  and  the  average  weight  of  the  five  strips,  each 
180  m.m.  long,  to  be  6,  and  x  the  breaking  length  in  metres,  then, 
0-180  _        X  0-180 

-  a  X  1,000^     ^  =         ^  ^ 

If,  for  example,  a  =  2-44  kilogrammes,  and  h  =  0*210  gramme, 
0-180 

then  X  —  -^210  ^  l^^OO  x  2-44;  or 

0-180  X  1,000  X  2-44  _  _ 

'2\Q  —  —  X, 

If  X  is  expressed  in  kilometres,  then  this  result  is  2*091. 

It  is  obvious  that,  0*180  being  a  constant  and  b  a  variable, 
a  table  can  be  constructed  giving  the  values  of  the  quotient 
0-180 

' — ^ —  for  different  values  of  6,  and  such  has  been  given  by 

Hertzberg.  This  table  is  useful  in  simplifying  the  calculations, 
and  will  be  found  at  the  end  of  the  late  Mr,  P.  Norman  Evans' 
translation  of  Hertzberg's  work,  *' Papier- Priifung." 

It  has  been  observed  by  Hertzberg  and  others  that  a  small 
increase  in  the  percentage  of  moisture  in  a  paper  diminishes  its 
strength,  and  therefore  the  humidity  and  temperature  of  the 
air  in  which  the  paper  has  lain  for  some  time  should  be 
ascertained  with  a  per  cent,  hygrometer,  and  duly  recorded. 

2.  Resistance  to  folding  and  crumpling. — This  was  formally 
ascertained  empirically  by  rubbing  or  "  washing  "  the  paper  by 
hand,  but  a  very  ingenious  machine  has  recently  been  invented 
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whereby  the  resistance  to  folding  and  crushing  is  recorded  in 
figures.  This  machine  is  patented  and  made  by  L.  Schopper, 
of  Leipsic,  but  is  too  complicated  for  description  here. 

3.  Determination  of  thickness. — The  thickness  of  a  paper 
can  be  roughly  ascertained  by  placing  a  known  number  of 
sheets  one  upon  another,  pressing  the  pile,  and  then  measuring 
it.  The  figure  giving  the  height  of  the  pile  divided  by  the 
number  of  sheets  gives  the  thickness.  Two  handy  forms  of 
apparatus  are,  however,  now  commonly  used  for  this  purpose, 
viz.,  Reitz's  and  ^chopper's  micrometers.  Schopper's  micro- 
meter is,  perhaps,  the  best  and  most  reliable,  as  the  pressure  is 
always  the  same.  The  thickness  of  the  sheet  in  fractions  of  a 
millimetre  is  read  off  directly  from  the  scale  of  the  instrument. 

4.  Determination  of  the  ash. — This  is  invariably  ascertained 
by  incinerating  a  known  weight,  say  one  gramme  of  the  paper 
in  a  platinum  or  porcelain  crucible  till  all  carbon  has  been 
burnt.  The  weight  of  the  whitish  residue,  when  one  gramme 
is  taken  for  the  test,  multiplied  by  iOO  gives  the  per  cent,  of 
ash.  The  ash  represents  the  mineral  matter  or  inorganic 
compounds  contained  in  the  paper,  and  chiefly  consists  of  some 
of  the  well-known  mineral  loadings,  such  as  china  clay,  pearl 
hardening  (precipitated  sulphate  of  lime),  and  gypsum ; 
"  hlancfixe  "  (precipitated  barium  sulphate),  heavy  spar  (native 
barium  sulphate) ;  ochres,  umber,  asbestine,  &c.  The  com- 
position of  the  ash  can  only  be  ascertained  by  an  exhaustive 
chemical  analysis. 

5.  Microscopical  investigation. — The  object  of  such  an  in- 
vestigation is  to  ascertain  the  fibres  from  which  the  paper  is 
made,  their  physical  condition,  and  their  relative  proportions 
to  one  another.  It  is  only  possible  to  do  this  by  studying  the 
physical  structure  of  the  most  commonly  occurring  fibres,  such 
as  wood  cellulose,  esparto,  straw,  jute,  cotton,  linen,  hemp, 
and  mechanical  wood,  so  that  these  may  be  recognised  with 
certainty  under  the  microscope.  The  subject  is  too  large  to  be 
treated  exhaustively  in  this  book,  but  the  mode  of  preparing 
the  fibres  for  such  an  examination,  and  the  behaviour  of  the 
commonly  occurring  fibres  towards  well-defined  chemical 
solutions,  can  be  profitably  given,  as  also  the  main  features  of 
the  fibres  themselves. 

Hertzberg,  in  a  recent  communication  to  the  Konigl.  techn. 
Versuchanst  zu  Berlin,  recommends  the  following  mode  of 
treating  the  paper  preparatory  to  examination  :~  Cut  small 
pieces  of  the  paper  from  different  sheets,  place  them  in  a 
porcelain  basin  and  mascerate  for  a  short  time  in  a  cold 
4  per  cent,  aqueous  solution  of  soda,  add  water,  and  finally  heat 
to  boiling.  If  mechanically  ground  wood  is  present,  the  paper 
will  assume  a  pea-yellow  colouration.    Boil  for  15  minutes, 
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and  throw  the  whole  on  to  a  small  sieve  of  fine  wire  gauze  and 
thorouglj  wash.  Remove  the  pulp  to  a  wide-mouth,  glass- 
stoppered  bottle  containing  a  number  of  glass  balls  (small 
garnets  are  very  suitable),  add  some  water,  and  shake  till  a  thin 
uniform  pulp  is  produced.    Drain  the  pulp  on  a  fine  sieve. 

In  the  above  treatment  any  wool  present  disappears,  since 
it  is  soluble  in  caustic  soda ;  and  therefore  papers  containing 
wool  fibre  must  be  treated  with  water  only.  Coloured 
papers  do  not,  as  a  rule,  require  any  special  treatment.  If, 
however,  the  colour  refuses  to  disappear,  it  may  be  removed  by 
a  solvent  or  re-agent  such  as  alcohol,  hydrochloric  or  nitric 
acids,  hypochlorite  of  lime,  &c. 

A  small  portion  of  the  prepared  pulp  is  then  removed  from 
the  sieve  by  means  of  a  platinum  needle  with  lancet-shaped 
point,  pressed  between  clean  filter  paper  or  on  a  porous  slab  of 
porcelain,  and  placed  upon  a  microscopical  glass  slide  by  a  fine 
platinum  needle.  The  recognition  of  the  fibres  is  greatly 
facilitated  by  the  use  of  certain  colouring  solutions,  of  which 
the  two  following  are  recommended,  viz. : — 

Solution  I. — Water,  20  c.cs. ;  potassium  iodide,  2  grammes  ; 

iodine,  1"15  grammes;  glycerine,  2  c.cs. 
Solution  II. — Prepare  first  (a)  20  grammes  of  dry  zinc 
chloride  in  10  c.cs.  of  water;   (6)  2*1  grammes  of 
potassium  iodide,  and  0*1  gramme  of  iodine  in  5 
grammes  of  water.     Mix  a  and  h  together,  allow  the 
precipitate  to  settle,  and  decant  off  the  clear  fluid. 
Finally,  add  a  little  iodine. 
The  micro-chemical  reaction,  or  the  colouration  produced  in 
the  different  fibres  by  these  solutions,  is  as  follows : — 


Fibres. 

Colouration. 

Solution  No.  1. 

Solution  No.  2. 

Linen,   hemp,  and 

cotton 

Wood  cellulose  

Straw  cellulose  and 

jute 

Esparto   

Manilla  hemp   

Wood  (ground)  and 

raw  jute 
Straw  

Pale  to  dark  brown.  Thin 
scales  almost  colourless. 
Grey  to  brown. 
Grey. 

Part  grey  and  part  brown 

Part  grey,  part  brown, 

and    part  yellowish 

brown. 
Part  yellowish  brown  and 

part  yellow. 
Part   yellowish  brown, 

part  yellow  and  part 

grey. 

Pale  to  dark  wine-red. 

Blue  to  reddish-violet. 
Blue  to  bluish-violet. 

Part  blue  and  part  wine- 
red. 

Blue,  bluish-violet,  red- 
dish violet,  dirty  yellow, 
greenish-yellow. 

Lemon  yellow  to  dark 
yellow. 

Part  yellow,  part  blue, 
and  part  bluish-violet. 

i 
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The  prepared  fibres  on  the  glass  slide  are  saturated  with 
a  drop  or  two  of  either  of  the  above  solutions,  the  Individual 
fibres  separated  from  one  another  by  stirring  with  the 
platinum  needle,  and  then  a  glass  cover  carefully  placed 
over  the  drop  of  liquid  containing  the  fibres.  The  excess  of 
fluid  surrounding  the  glass  cover  is  removed  with  blotting  or 
filter  paper  before  placing  the  slide  under  the  microscope. 

A  microscope  capable  of  magnifying  from  300  to  550  times 
will  cover  all  necessary  requirements. 

The  following  are  the  main  structural  characteristics  of 
the  fibres  commonly  used  in  paper-making : — 

Linen. — Maximum  length  of  original  plant  fibres,  4  centi-' 
metres.  They  are  about  one-half  the  thickness  of  cotton, 
with  tapering  ends,  and  chiefly  characterised  by  the  repeated 
thickening  of  the  cell  walls,  forming  knots  at  short  intervals. 
The  knots  are  often  flattened  during  the  beating  process, 
causing  the  fibre  to  break  at  the  point  where  they  occur. 
Central  canal  very  narrow,  frequently  appearing  as  a  dark 
line.  Walls  of  cells  are  perforated  with  numerous  pores, 
running  from  the  interior  to  the  exterior,  and  appearing  as 
dark  lines. 

Hemp. — Closely  resembles  linen;  the  central  canal  is, 
however,  broader,  being  about  a  quarter  to  one-half  the 
diameter  of  the  cell.  The  membrane  of  the  cell  is  distinctly 
marked  (striated)  in  the  direction  of  its  length. 

Cotton. — Fibres  have  a  maximum  length  of  5  centimetres, 
and  are  formed  of  single  tapering  cells.  The  diameter  of  the 
cell  is  about  two-thirds  of  the  total  diameter,  and  the  walls 
are  flattened  and  twisted  spirally.  The  treatment  in  caustic 
soda  and  in  the  beating  engine  counteracts  to  a  large  extent 
this  tendency  of  the  fibre  to  twist. 

Mechanical  Wood. — {Pinus  sylvestris,  pinus  picea,  pinus 
abies.) — The  structure  of  the  fibres  are  very  similar  in  the  whole 
group  of  pines,  and  are  distinguished  by  minute  differences 
in  their  cells.  These  cells  have  their  walls  characterised  by 
spots  or  pores,  generally  appearing  as  two  concentric  rings. 
Spots  on  cell  wall  in  autumn  and  spring  wood  appear  more  or 
less  elliptical.  Note  also  the  cells  of  the  medullary  rays, 
which  run  from  the  centre  to  the  outside  of  the  stem  in  the 
shape  of  a  star,  and  are  remarkable  for  their  latticed  structure. 
(See  chemical  tests  for  mechanical  wood  in  papers,  page  108.) 

Wood  Cellulose. — What  is  true  of  mechanical  wood  is  also 
true  of  pine  wood  cellulose  This  is  characterised  by  the 
ring-surrounded  pores  or  the  dotted  wood  cells.  Frequently, 
however,  these  characteristics  are  destroyed,  owing  to  the 
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chemical  treatment  to  which  the  wood  has  been  subjected. 
The  cells  of  the  medullary  rays  are  generally  absent.  Many 
of  the  fibres  show  the  same  spiral  twisting  as  cotton,  and  a 
latticed  striping  of  the  cell  membrane.  Pine  cellulose  remains 
colourless,  whilst  cotton  cellulose  is  turned  brown  with  iodine 
solution.  If  the  cellulose  has  been  badly  prepared,  iodine 
will  colour  the  fibres  slightly  yellow. 

Straw  Cellulose. — From  wheat,  rye,  barley,  and  oat 
straw.  Note  the  characteristic  cells  of  the  epidermis,  which 
are  thick-walled,  more  or  less  silicious,  with  jagged  edges. 
These  cells  are  joined  to  one  another  by  their  ragged  edges, 
and  very  occasionally  are  grouped.  They  occur  in  various 
sizes.  The  edges  are  frequently  deeply  serrated,  sometimes 
only  slightly  uneven.  The  most  numerous  cells,  however,  are 
the  bast  cells — long  thin  fibres  of  regular  structure,  with  a 
small  internal  canal.  At  regular  intervals  the  walls  thicken, 
giving  the  fibre  a  knotted  appearance,  and  the  central  canal 
narrows  at  these  points,  broadening  out  again  on  either  side. 
Note  also  numerous  pores,  which  appear  as  dark  lines  running 
from  the  canal  to  the  exterior.  Also  the  great  number  of 
very  thin- walled  parenchyma  cells,  rounded  at  both  ends  at 
times,  sometimes  almost  circular,  sometimes  long,  and  covered 
more  or  less  with  simple  pores.  The  presence  of  these 
cells  distinguishes  with  certainty  straw  from  esparto  cellulose. 
Further,  notice  the  sclerenchyma — very  thick-walled  silicious 
cells,  somewhat  bluish  in  appearance. 

Esparto  Cellulose. — Structure  of  cells  similar  to  that  of 
straw  cellulose.  As  a  general  rule  esparto  cells  are  finer  and 
dimensions  smaller  than  in  straw.  The  bast  cells  are  very 
short,  are  unevenly  built  with  thick  walls,  so  that  frequently 
the  central  canal  appears  only  as  a  line,  while  the  irregularities 
in  the  curves  of  the  canal  so  noticeable  in  straw  are  not  to  be 
found  in  esparto.  Epidermic  cells  resemble  those  of  straw 
cellulose.  The  large  thin-walled  parenchyma  cells  are  entirely 
absent  in  esparto,  but  the  sclerenchyma  cells  are  found.  The 
presence  of  small  teeth-like  bodies,  which  come  from  the  leaves 
of  the  plant  serves  to  prove  the  presence  of  esparto  cellulose. 

Jute. — The  walls  are  sometimes  very  thin  and  suddenly 
thicken,  narrowing  the  central  canal  to  a  mere  line.  The 
fibres  are  often  joined  together  in  bundles,  which  prevents  the 
identification  of  the  cell  structure.  Occasionally  they  exhibit 
pores  and  knots  similar  to  those  in  linen  cellulose,  and  possessing 
a  yellow-brown  colour. 

Note  on  the  Microscopical  Examination  op  Papers. — 
No  written  description  of  the  characteristics  of  the  different 
varieties  of  fibres  used  in   the  paper  manufacture  will 
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suffice  as  a  safe  guide,  and  the  investigator  is  recommended  to 
use  the  numerous  charts  published,  to  give  him  the  correct 
forms.  With  these  charts  there  is  no  difficulty  in  ascertaining 
the  true  characteristics  of  each  fibre,  and  in  that  way  more 
certainly  isolate  them  in  the  examination  of  any  individual 
paper. 

6.  The  chemical  examination  of  papers  : — 

Animal  Size. — A  small  quantity  of  the  paper  is  mascerated 
in  hot  water  and  the  liquid  filtered.  Add  a  small  quantity  of 
tannic  acid  to  the  filtrate.  The  formation  of  a  turbid  pre- 
cipitate or  cloudiness  indicates  the  presence  of  animal  size. 
Hefelmann  recommends  the  following  method : — Boil  10 
grammes  of  the  paper  in  pieces,  in  a  porcelain  dish,  with 
120  CCS.  of  water  till  about  25  c.cs.  water  are  left,  filter 
off  the  liquid  into  a  flask,  add  5  grammes  of  potassium 
sulphate,  and  shake  well,  in  order  to  precipitate  the  gelatine  or 
glue  in  a  flocculent  state.  The  precipitate  is  then  filtered  off, 
washed  to  the  bottom  of  the  filter,  the  top  part  of  the  latter 
torn  off,  and  the  lower  part,  with  the  precipitate,  dried  by 
pressing  between  blotting  paper.  This  is  then  mixed  with 
soda  lime,  placed  in  a  small  combustion  tube,  and  the  latter 
heated  in  a  furnace  or  over  a  long  gas  flame.  The  gases 
issuing  from  the  tube  are  then  tested  for  ammonia  with 
moistened  red  litmus  paper,  or  by  vapour  of  HCl  in  the  usual 
way. 

Resin  Size. — Half  a  sheet  of  the  sample  is  torn  up  into 
small  pieces,  placed  in  a  beaker,  and  absolute  alcohol  poured 
over  it.  Place  the  beaker  and  contents  in  hot  water  for  30 
minutes  or  so.  Both  resin  and  resinate  of  alumina  are  dissolved 
by  the  alcohol,  and  if  the  solution  be  poured  into  distilled 
water  a  milky  precipitate  (or  cloudiness)  will  be  produced  if 
resin  is  present. 

Starch. — The  presence  of  starch  is  best  ascertained  by 
immersing  a  strip  of  the  paper  in  a  very  weak  solution  of 
iodine  (in  aqueous  potassium  iodide).  A  blue  colouration  will 
be  formed  if  this  body  is  present. 

Free  Acid. — "  Congo  red  "  is  recommended  by  Hertzberg 
as  a  re-agent  for  showing  the  presence  of  free  acid  in  papers, 
also  methy  orange  (Dimethylaniline-orange).  The  latter  is  trans- 
formed from  bright  yellow  to  purple  red  by  acids,  whilst  acid 
salts — e.^.,  alum  and  sulphate  alumina — effect  no  such  change. 

Mechanical  Wood.  —  There  are  many  re-agents  for 
indicating  the  presence  of  mechanical  wood  in  papers,  the 
following  being  the  most  important. 

Sulphate  of  Aniline. — Paper   containing  mechanical 
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wood  steeped  in  a  hot  5  per  cent,  aqueous  solution  of  this  salt 
turns  a  bright  yellow,  the  depth  of  colour  being  proportionate 
to  the  amount  of  wood  present.  Pure  cellulose  papers  are  not 
changed.  Esparto  papers  turn  a  faint  pink.  An  alcoholic 
solution  of  Orcin,  to  which  H  CI  has  been  aided,  yields  a 
powerful  dark  red  colouration  with  mechanical  wood. 

Kesorcine,  dissolved  in  alcohol  containing  H  CI,  colours 
wood  blue-violet.    Pure  cellulose  papers  remain  unchanged. 

Phloroglucine  (4  grammes  in  25  c.cs.  alcohol  and  5  c.cs. 
pure  concentrated  H  CI;  colours  wood  an  intense  red.  This  is 
the  most  delicate  test  for  mechanical  wood  in  papers. 

7.  Determination  or  the  Strength  of  the  Sizing. — 
The  Leonhardi-Post  method  consists  in  placing  uniform  drops 
of  an  aqueous  solution  of  chloride  of  iron,  containing  1*531  per 
cent,  of  iron,  upon  samples  of  the  paper,  and  allowing  the  iron 
solution  to  soak  into  the  sheet  for  as  many  seconds  as  the  paper 
weighs  in  grammes  per  square  metre.  The  un absorbed  fluid 
is  then  immediately  removed  with  blotting  or  filter  paper,  and 
the  water  allowed  to  evaporate.  When  this  has  been  repeated 
4  or  5  times,  the  paper  is  reversed  and  painted  with  an  aqueous 
solution  of  tannic  acid,  the  excess  of  this  fluid  being  removed 
with  tilter  paper  as  formerly.  The  tannic  acid  acts  upon  the 
chloride  of  iron  which  has  passed  through  the  paper,  causing 
a  black  stain,  the  intensity  of  which  is  a  measure  of  the 
strength  of  the  sizing.  A  number  of  tests  should  be  made  in 
each  case  to  obtain  an  average. 


WOOD  PULPS. 

Sindall  has  made  exhaustive  experiments  respecting  the 
methods  of  sampling,  &c.,  wood  pulps,  and  recommends  the 
following: — 

The  sample. — Moist  Pulp.  Two  per  cent,  of  the  number 
of  bales  composing  the  consignment  is  considered  sufiicient, 
provided  the  weight  of  the  whole  bulk  calculated  from  this 
2  per  cent,  agrees  with  the  gross  weight  actually  found. 
Five  sheets  are  taken  from  each  bale  to  be  sampled — one 
from  the  centre,  two  on  each  side  midway  from  centre  to 
outside,  and  two  taken  one  inch  from  the  outside  of  the  bale. 
These  sheets  are  then  divided  by  imaginary  lines  into  four 
rectangular  parts,  and  pieces  are  cut  out  from  the  centre  of 
the  four  rectangles.  These  pieces  are  at  once  transferred  to 
a  light  glass  bottle  which  may  be  previously  tared.  Dry  Pulp. 
Sheets  are  selected  from  different  parts  of  the  bale  as 
above  described,  and  small  strips,  6  inches  long  by  half-an-inch 
wide,  cut  from  a  spot  near  to  each  of  the  four  corners,  and 
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one  from  the  centre.  These  strips  are  also  at  once  transferred 
to  a  clean,  drv  bottle.    Samples  can  be  taken  in  duplicate. 

Testing*  the  samples. — The  bottle  and  its  contents  should 
be  weighed  previous  to  removing  the  sample  to  the  water 
bath  for  drying,  and  by  deducting  the  tare  of  the  bottle  the 
correct  weight  of  the  moist  sample  is  obtained.  The  moist 
sample  may  also  be  weighed  by  itself  before  drying,  as  a 
check  on  the  other  weight.  The  sample  is  then  placed 
on  a  shallow  tray  of  wire  gauze  and  transferred  to  a  water 
bath,  where  it  remains  till  the  weight  is  constant.  The 
temperature  of  the  bath  or  water  oven  should  not  be  less 
than  212°  Fah.  An  air  bath  may  also  be  used,  whose 
temperature  should  never  exceed  219°  Fah.  ^chopper's 
apparatus,  consisting  of  a  balance  and  air  bath,  permits  of 
the  operation  of  drying  and  weighing  the  dried  sample 
without  removing  it  from  the  air  bath,  and  can  be  recom- 
mended for  testing  all  kinds  of  moist  and  air-dry  pulps. 

The  results  are  usually  expressed  in  per  cents,  of  air-dry 
pulp — that  is,  pulp  containing  10  per  cents,  of  moisture 
(England).  Obviously  oven-dry  weight,  multiplied  by  100 
and  divided  by  90^  gives  this  air-dry  weight.  The  following 
table  of  simple  formulai  has  been  constructed  with  a  view  to 
tersely  express  the  various  calculations  in  ascertaining  the 
moisture,  &c.,  in  pulps: — 


Found. 
Letter  A  = 

Required. 

Formula. 

%  Absolutely  dry  pulp. 

%  Air-dry  pulp. 

%  Total  moisture. 
%  Excess  moisture. 
%  Excess  moisture. 

%  Air-dry  pulp. 

%  Absolutely  dry  pulp. 

%  Air-dry  pulp. 
%  Air- dry  pulp. 
%  A^bsolutely  dry  pulp. 

100  A 

90 
90  A 
100 

(100- A)  100 

90 
100— A 

(100— A)  90 

100 

The  British  Wood  Pulp  Association  and  the  English  and 
Scottish  Paper  Makers'  Association  have  officially  compiled 
and  issued  a  test  certificate  form  for  the  use  of  analysts,  of 
which  the  following  is  a  copy: — 
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WOOD    PULP    MOISTURE  TEST. 


ANALYSTS   CERTIFICATE.    Adopted  by  the  British 
Wood  Pulp  Association  and  the 
English  and  Scottish  Paper  Makers^  Associations. 
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HbfS  IS  to  (TCrtif^  that        have  tested  for  moisture 

a  parcel  of  pulp,  said  to  consist  of  

bale?,  marked  

lying  at  

The  samples  were  drawn  by  on  

Number  of  bales  sampled   


Total  gross  weight  of  (intact) 

bales  sampled.  {For  numbers  Tons.  Cwts.  Qrs.  Lbs. 
and  detailed  weights  see  below)  _ 


Weight  of  parcel  calculated  from  Tons.     Cwts.      Qrs.  Lbs. 

above    :  i  i  

Percentage   of  absolutely  dry 

pulp  in  the  sample   per  cent. 

Percentage  of  moisture  in  the 

sample    per  cent. 

Percentage  of  air  dry  or  moist  pulp  in  the  sample,  on  the 
bas's  of — 

90=100  (Air-dry)   per  cent. 

45  =  1 00  (Moist)    per  cent. 

Percentage  of  ex-  (Moisture; 

cess   ..^   iFibre   P^"^ 

Tons.     Cwts.      Qrs.  Lbs. 

Weight  of  pulp  to  be  invoiced...  :  :  :  

^  £  s.  d. 

Pees    ...  :  : 

Expenses  :  : 

Analyst  , 


To 


Date. 
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CHAPTER  VI. 


GENERAL  CHEMICAL  TABLES. 

Ammonia.  Soda  (Carbonate)  is  almost  pure  carbonate  of  soda, 
having  the  followin^i  composition : — Carbonate  of  soda,  98*94  % ; 
sulphate  «>f  soHa,  034  %\  chloride  of  sodium,  0-36  moisture, 
0*20  ^;  insoluble  matter,  ferric  oxide,  alumina,  &c.,  O'lO  ^. 
This  is  the  purest  form  of  commercial  carbonate  of  soda  known. 


COMPOSITION  OF  COMMERCIAL  SULPHATE  OF 
ALUMINA  A^^D  ALUMINOUS  CAKES 

*Alumina  (Alg  O3) 
Ferric  oxide  (Fe2  O3) 
Sulphuric  anhydride  ) 
(S03)  in  combination  ) 
Free  sulphuric  acid  ) 
(H,  SoJ> 

Insoluble  matter  

Water,  lime,  n  agnesia,  ) 
alkalies,  &c.) 

Sulphate  of 
Alumina. 

Aluminous  Cake. 

No.  1 
(pure). 

No  2. 

No.  1. 

No.  2. 

% 

14-75 
Trace. 

34-43 

•30 
Nil. 

50-52 

0/ 
/o 

17-10 

39-92 

Nil. 
0-51 
42-47 

0/ 

/o 

11-54 
-21 

28-38 

1-83 
20-08 
37-96 

% 

12-40 
-20 

31-00 

-92 
24-70 
30-78 

100-00 

100-00 

100-00 

100-00 

*Equal  to  anhydrous  sul-^ 
phate  of  alumina  AI23  >■ 

48-94 

57-02 

38-53 

41-40 

COMPOSITION  OF  CAUSTIC  SODAS. 

Common  salt  (Na  CI) 
Sulphate  of  soda(Na2  So^) 
Sodium  hydrate  (Na  H  0) 
Sodium  carbonate  > 
(Na,  C03); 
Water  (H,  0)   

Cream, 
6(J  %. 

White, 
60  %. 

70% 
Caustic. 

77% 
Caustic. 

% 

3-00 
1-50 
69-67 

6-80 

19-03 

% 

17-51 

4-  05 
72-76 

5-  79 
Nil. 

<y 

/o 

4-30 
3-30 
88-70 

3-84 

Nil. 

% 

1-54 

0-  98 
96-22 

1-  26 
Nil. 

100-00 

100-11 

100-14 

100-00 

Total  soda  (Na^  0)  ... 

59-00 

59  78 

71-0 

74-6 
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Specific  Gravity  or  Solutions  of  Sodium  Carbonate. 

@  60°  Fah.  =  15°  C.  (Lunge). 

op6ClllC 

Gravity. 

Twaddell. 

Percentage  by 
Weight. 

1  cubic  foot  of  solution 
contains 

NajjO. 

Nag  0  O3 

Nao  0. 

Na2  C  O3 

48%  Ash. 

1-005 

1 

0  Zb 

0-47 

0-172 

0'294 

0*358 

i'OlO 

2 

0.56 

0-95 

0*350 

0-598 

0*728 

1-015 

3 

A.Q  A 

0-888 

1  .AO /I 

1  094 

1-020 

4 

"•.11 

1  .OA 

U  70/ 

1-209 

1  4/0 

1-025 

5 

1*39 

2*38 

0-889 

1*521 

1*853 

1-030 

6 

1-67 

2  00 

1-070 

1-830 

2*1' 30 

1-035 

7 

1  .OK 

1  95 

3-33 

i  z57 

2*149 

z  olo 

1-040 

8 

o.oo 

Q  .CA 

0  oU 

1  4:41 

ci.A  I'  A 

Z  4:04: 

0  OOz 

1-045 

9 

2*50 

4-28 

1-631 

2*788 

3*397 

1-050 

10 

2-78 

4*76 

1  ooz 

3*116 

3*797 

1-055 

11 

o  Uo 

0 

z  Olz 

3*440 

A  .1  00 

4  lUz 

i-060 

12 

O  o4: 

0  71 

z  zOo 

6  7  /  z 

4  oyb 

1-065 

13 

o  oi 

0  1  / 

z  dyb 

A  .AOT 
4:  09  / 

4  yyz 

1-070 

14 

d  OO 

6*64 

z  oUl 

4*430 

5*397 

1-075 

15 

A  '  \  Ct 

4  ib 

7-10 

Z  /OO 

4  7o9 

FC  .TOO 

0  /yy 

1-080 

16 

7  57 

z  yo  L 

0  090 

D  Zl  I 

1-085 

17 

4-70 

8-04 

3-181 

5*439 

6*627 

1-090 

18 

4.97 

8-51 

3-382 

5*783 

7*046 

1-095 

19 

5-24 

8-97 

3-582 

6-125 

7-462 

1-100 

20 

5-52 

9-43 

3-783 

6-468 

7-880 

1-105 

21 

5-79 

9-90 

3-989 

6-821 

8-311 

1-110 

22 

6-06 

10-37 

4-197 

7-177 

8-745 

1-115 

23 

6-33 

10-83 

4-403 

7-529 

9-174 

1-120 

24 

6-61 

11-30 

4-615 

7-891 

9-613 

1.125 

25 

6-88 

11-76 

4-825 

8-249 

10-050 

1-130 

26 

7-15 

12-23 

5-040 

8-».17 

10*500 

1-135 

27 

7-42 

12-70 

5-256 

8-988 

10*951 

1-14:0 

28 

7-70 

13-16 

5-465 

9-354 

11*396 

1-145 

29 

7-97 

13-63 

5-691 

9*731 

11*857 

1-150 

30 

8-24 

14-09 

5-908 

10*103 

12*310 
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Specific  Gravity  of  Solutions  of  Caustic  Soda 

( 

^  60°  Fah.  -  15°  C. 

(Lunge.) 

Grammes 

Grammes 

Grammes 

Twaddell. 

per  litre 

per  litre 

Nag  0. 

Na2  0. 

Na2  0. 

1 

3*7 

26 

100-5 

51 

223-4 

2 

7*5 

27 

105-0 

52 

228-9 

3 

11-3 

28 

J  09-6 

53 

234-4 

4 

15-1 

29 

114-1 

54 

240-0 

5 

18-8 

30 

118-6 

55 

245-5 

6 

22*6 

31 

123-2 

56 

251-0 

7 

26*4 

32 

127-7 

57 

256-6 

8 

30*2 

33 

132.2 

58 

262-1 

9 

33*9 

34 

136-8 

59 

267-6 

10 

37'7 

35 

141-3 

60 

273-2 

11 

41-6 

36 

145-8 

61 

279-3 

12 

45-5 

37 

150-4 

62 

285-4 

13 

49*4 

38 

154-9 

63 

291-5 

14 

53-2 

39 

159-4 

64 

297-7 

15 

57-1 

40 

164-0 

65 

303-8 

16 

61-0 

41 

16!)-4 

66 

309-9 

17 

64-9 

42 

174-7 

67 

316-0 

18 

^•8-8 

43 

180-1 

68 

322-2 

19 

72-7 

44 

185-5 

69 

3-^8-3 

9n 
zu 

/  O  «> 

45 

190-9 

70 

334-4 

21 

80-4 

46 

196-3 

71 

340-8 

22 

84-3 

47 

201-7 

72 

347-2 

23 

88-2 

48 

207-0 

73 

353-6 

24 

92-1 

49 

212-4 

74 

360-1 

25 

96-0 

50 

217-8 

75 

366-5 

Note. 

— To  find  lbs.  soda  (Na2  O)  per  cubic  foot  divide 

grammes  per  litre  by  16. 
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TABLE 

Showing  the  amount  of  70  per  cent.,  60  per  cent., 
and  "  Cream"  Caustic  Sodas,  and  of  Beal  Soda  (Na20) 
in  their  solutions  of  different  densities. 


(Beveridge.) 


Specific 
Gravity 

at 
62°  Fah. 

Deg^rees 
Twaddell 

at 
62°  Fah. 

White 
70%  Caustic. 

White 
60%  Caustic. 

Cream  Caustic 
60%  NazO. 

1  litre  contains 

1  Utre  contains 

1  litre  contains 

Dry 
Caustic. 

Soda 
(Na2  0). 

Dry 
60/ 
Caustic. 

Soda 
(Nao  0). 

Dry 
Caustic. 

Soda 
(Na2  0). 

g-rms. 

grms. 

grms. 

grms. 

grms. 

grms. 

1-005 

1 

•44 

-30 

•46 

•27 

•50 

•29 

1-010 

2 

-89 

-61 

•94 

-55 

1-00 

•59 

1-015 

3 

1-33 

•91 

1^41 

•83 

1-51 

•89 

1-020 

4 

1-78 

1*22 

1^97 

1^15 

2-02 

M9 

1-025 

5 

2-22 

1-53 

2^38 

1^41 

2-52 

1^49 

1-030 

6 

2-67 

1-84 

2^81 

1^66 

3-02 

1-78 

1-035 

7 

3-12 

2-15 

3-30 

1^95 

3-50 

2-07 

1-040 

8 

3-61 

2-49 

3-83 

2-26 

3-98 

2-35 

1-045 

9 

4-11 

2-84 

4-36 

2^58 

4-52 

2-67 

1-050 

10 

4-61 

3-18 

4-83 

2^88 

5-06 

2-99 

1-055 

11 

5-10 

3-52 

5-41 

3-20 

5-60 

3-31 

1-060 

12 

5-60 

3-87 

5-94 

3-51 

6-14 

3-63 

1-065 

13 

6-10 

4-21 

6-48 

3-83 

6-69 

3-96 

1-070 

14 

6-60 

4-56 

7-02 

4-15 

7-26 

4-29 

1-075 

15 

7-16 

4-94 

7-57 

4-48 

7-85 

4-64 

i  UoU 

io 

7-73 

5-34 

8-12 

4-80 

8-43 

4-99 

1-085 

17 

8-29 

5-72 

8-67 

5-13 

9-03 

5-34 

1-090 

18 

8-86 

6-12 

9-23 

5-46 

9^65 

5-71 

1-095 

19 

9-43 

6-51 

9-81 

5-80 

10^28 

6-08 

1-100 

20 

9-99 

6-90 

10-41 

6-16 

10-93 

6-47 

1-105 

21 

10-56 

7-29 

11-02 

6-52 

11-60 

6-86 

1-110 

22 

11-12 

7-68 

11-66 

6-90 

12-28 

7-27 

1-115 

23 

11-69 

8-07 

12-32 

7-29 

12-99 

7-59 

1-120 

24 

12-26 

8-47 

13-00 

7-69 

13-70 

8-11 

1-125 

25 

12-82 

8-85 

13-70 

8-11 

14-41 

8-53 

1-130 

26 

13-40 

9-26 

14-4:^ 

8-53 

15-20 

8-99 

Note. — The  above  values  are  not  absolute. 
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BLEACHING  POWDER  AND  BLEACH  LIQUOR. 

Bleaching  powder  should  contain  at  least  35'0  per  cent,  of 
available  chlorine.  The  following  analysis  shows  the  com- 
position of  the  English -made  article — viz.,  available  chlorine, 

35  60^;  chlorine  as  calcium  chloride,  2*80^;  chlorine  as 
calcium  chlorate  "  traces  ";  carbonic  acid,  1  -40  ^  ;  lime  (Ca  O) 
46  11^.    Water,  &c.  (by  difference),  14*09  %. 

One  cwt.  (112  lbs.)  of  dry  bleaching  powder,  containing 

36  to  36J  %  of  available  chlorine,  will  yield — 

250  gallons  of  bleach  liquor  of  5°  Twaddell. 
208     „  „  6° 

178J  „         „     „  r 

156     „  „       „  8° 

1^9     „  .,       „         9  J? 

125      „  „       „  10° 

The  loss  in  making  bleach  liquor  in  paper  mills  varies  from 
2^  to  7 J  per  cent.,  reckoned  on  the  dry  weight  used,  according 
to  the  mode  of  making  and  apparatus  employed. 


TABLE  showing  the  available  chlorine  and  dry  bleaching 
powder  in  bleach  liquor  of  different  densities  at  15°  C. 

.    (Founded  on  Lunge  and  Beichofen.) 


Specific  Gravity 
@  IS*'  C. 

De^^es 
Twaddell. 
@  15"  C. 

Available 
Chlorine, 
grammes 
per  litre. 

Available 
Chlorine, 

lbs. 
per  sfallon. 

Dry  35  % 
Bleaching 
Pov^'der, 
lbs.  per  gal  Ion. 

1-000 

0 

trace 

1-0025 

1 

2 

1-40^ 

0-0140 

o-oio  y 

1-0050 

1 

2-71^ 

0-0271 

0-0774 

1-0100 

2 

5-58 

0-0558 

0-1594 

1-0150 

3 

8-48 

0-0848 

0-2420 

1-020 

4 

11-41 

0-]141 

0-3260 

1-025 

5 

14-47 

0-1447 

0-4134 

1-030 

6 

17-36 

0-1736 

0-4960  . 

1-035 

7 

20-44 

0-2044 

0-5840 

1-040 

8 

23  75 

0-2375 

0-6785 

1  045 

9 

26-62 

0-2662 

0-7605 

1-050 

10 

29-41 

0-2941 

0-8402 

1055 

11 

32-68 

0-3268 

0-9408 

1-060 

12 

35-81 

0-3581 

1-0231 

1-065 

13 

39-10 

0  3910 

1-1171 

1-070 

14 

42-31 

0-4231 

1-2089 

1-075 

15 

45-70 

0-4570 

1-3057 

1-080 

16 

48-96 

0-4896 

1-3971 

1-085 

17 

52-27 

0-5227 

1-4914 

1-090 

18 

55-18 

0-5518 

1-5765 

1-095 

19 

58-33 

0-5833 

1-6637 

1-100 

20 

61-50 

0-6150 

1-7571 

1-105 

21 

64-50 

0-6450 

1-8428 
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Specific  Gravity  of  Solutions  of  Pure  Sulphate 

OF  Alumina  @ 

60°  Fah. 

=  15°  C. 

100  Litres  of  the  Sulphate  of  Alumina  Solution  contain 

Sulphate  with 

Specific 

Degrees 

AI2  0.3 

SO3 

Gravity. 

Twaddell. 

Kilos. 

Kilos. 

13%  AI2  O3 

14%  AL  Oo 

15%  AU  Oo 

Kilos. 

Kilos. 

Kilos. 

1*005 

0*14 

-J 

0*9 

1*010 

2 

0*28 

0*65 

2*2 

2 

1*9 

1*016 

3*2 

0*42 

9*98 

0.9 

2*8 

1*021 

4*2 

0*56 

1*31 

4  0 

3*7 

1*028 

5*2 

0*70 

1  Do 

5*4 

4*7 

1*031 

6*2 

0*84 

1*96 

6*5 

g 

0  0 

1*036 

7*2 

0  98 

2*28 

*'*5 

6*5 

1*040 

8*0 

1  *12 

2*61 

0  0 

g 

7*5 

1*045 

9*0 

1*26 

2*94 

8*4 

1*050 

10*0 

1*40 

D  ZD 

10*8 

10 

9*3 

1*055 

11*0 

1*54 

3*59 

11*8 

10*3 

1  '059 

11*8 

1*68 

3*91 

12*9 

12 

11*2 

1*064 

12*8 

1*82 

4*24 

14*3 

13 

12*3 

1*068 

13*6 

1*96 

4*57 

15*1 

14 

13*1 

1*073 

14*6 

2*10 

4*89 

16*2 

15 

14*0 

1*078 

15*6 

2*24 

5*22 

17*2 

16 

14*9 

1  *082 

16.4 

2*38 

5*55 

18*3 

17 

15*9 

1*087 

17*2 

2*58 

5*87 

19*4 

18 

16*8 

1*092 

18*4 

2*66 

6*20 

20*5 

19 

17*7 

1*096 

19.2 

2*80 

6*52 

21  *5 

20 

1*101 

20*2 

2*94 

6*85 

22*6 

21 

19*6 

1*105 

21*0 

3*08 

'/•I  ft 

23*7 

22 

20*5 

1*110 

22*0 

3*22 

7*50 

24*8 

ZD 

21*5 

1*114 

22*8 

3*36 

7*83 

25*9 

24 

22*4 

1*119 

23*8 

3*50 

0  ID 

26*9 

90. Q  , 
ZD  0 

1*123 

24*6 

0  04 

8*44 

28*0 

26 

24*3 

1*128 

25*6 

3*78 

29*1 

27 

25*2 

1  *132 

26*4 

3*92 

9*13 

30*2 

28 

26*1 

1*]37 

27.2 

4*06 

9*46 

31*2 

29 

27-1 

1*141 

28*2 

4.20 

9.79 

32*3 

3l) 

28*0 

1-145 

29*0 

4.34 

10*11 

33*4 

31 

28.9 

1*150 

30*0 

4*48 

10*44 

34*5 

32 

29*9 

1*154 

30*8 

4*64 

10*76 

35*5 

33 

30 -S 

1*159 

31*8 

4*76 

11*09 

36*6 

34 

31*7 

1*163 

32*6 

4*90 

11*42 

37*7 

35 

32*7 

1*168 

33*6 

5.04 

11  *74 

38*8 

36 

33*6 

1*172 

34*4 

5*18 

12*07 

39-9 

37 

34*5 

1*176 

35*2 

5*32 

12*40 

40*9 

38 

35.5 

1*181 

36*2 

5*46 

12*72 

42*0 

39 

36*4 

1-1S5 

37*0 

5*60 

13*05 

43*1 

40 

37*3 

1*190 

38*0 

5*74 

13*38 

44*2 

41 

38*3 

1*194 

38*8 

5*88 

13*70 

45*2 

42 

39*2 
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Specific  Gravity  of  Solutions  of  Pure  Sulphate 
OF  Alumina  @  60°  Fah.  =  15°  C. 


100  I^itres  of  the  Sulphate  of  Alumina  Solution  contain 


Sulphate  with 

Specific 

Degrees 

SO;; 

Gravitj'. 

Twaddell, 

Kilos. 

Kilos. 

13%  AI2  O3 

14%  AI2  O5 

15%  AI2 



Kilos. 

Kilos. 

Kilos. 

1*198 

39  6 

6*02 

14  rs 

46*3 

AO 

4o 

4i)*l 

1*203 

40*6 

0  10 

14 'oo 

47  *4 

44 

41*1 

1  '*207 

41-4 

6*30 

14*68 

48*5 

45 

42*0 

1*211 

42-2 

6-44 

15*01 

49  5 

46 

42*9 

1*215 

43-0 

6  58 

1  -QQ 

10  c>o 

50*6 

4v 

43.9 

1*220 

44-0 

D.  <  Z 

10  00 

51*7 

4» 

44*8 

1*224 

44*8 

6*86 

15*99 

52*8 

49 

45*7 

1*228 

45*6 

7-00 

16  31 

53*9 

50 

46*7 

1*232 

46*4 

7-14 

16*64 

5i*9 

51 

4  /  '0 

1*236 

47*2 

7-28 

16*96 

56*0 

oz 

1*240 

48*0 

7-42 

17'29 

57*1 

p;q 
Oo 

49.5 

1*244 

48-8 

7*56 

17*62 

58*2 

54 

1*248 

49*6 

7  *70 

17*94 

59*2 

55 

5 1  *3 

1*252 

50-4 

7*84 

18*27 

6  '*3 

OD 

52*3 

1*256 

51-2 

7*98 

18*59 

61*4 

57 

53*2 

1  '261 

52-2 

8-12 

18*92 

62*5 

58 

54*1 

1*265 

53.Q 

8-26 

19*25 

63-5 

59 

55*1 

1*269 

53-8 

8*40 

19*57 

64-6 

60 

56-0 

1*273 

54  6 

8-54 

19*90 

65*7 

61 

56-9 

1*277 

55-4 

8*68 

20*28 

66-8 

62 

57-9 

1*281 

56"2 

8*82 

20*55 

67  -9 

D3 

58-8 

1*285 

8  96 

20*88 

68*9 

P.  A 

59-7 

1*289 

57*8 

9"10 

21*20 

70'0 

65 

60 -7 

1  '293 

58*6 

9-24 

21*53 

71  1 

66 

61-6 

1*297 

59-4 

9-38 

21*86 

72-2 

67 

62-5 

1-301 

60-2 

9-52 

22*18 

73-2 

68 

63-5 

1305 

61-0 

9-6-3 

22*51 

74-3 

69 

64-4 

1'309 

61-8 

9-80 

22*84 

75  4 

70 

65-3 

1-312 

62-4 

9-94 

23-16 

76-5 

71 

66-3 

1  316 

63-2 

10*08 

23-49 

77-5 

72 

67-2 

1-320 

64-0 

10*22 

23*81 

78-6 

73 

68-1 

1-324 

64-8 

10*36 

24*14 

79-7 

74 

69  1 

1-328 

65-6 

10*50 

-24-47 

80-8 

75 

70-0 

1-331 

66-2 

10*64 

24-79 

81 '8 

76 

70-9 

1-335 

67-0 

10  78 

25-12 

82-9 

77 

71-9 

1'339 

67-8 

10*92 

25-45 

84-0 

78 

72-8 

ALUMINOFERRIC. 


Composition.— 14*00  %  soluble  AI2  0.^,  0*75  %  Fe2  O3,  0*50  %  Free 
Acid,  0*15  %  insoluble  matter. 

100  parts  by  weight  of  water  at  60°  Fah.  dissolve  122  parts  by 
weight  of  Aluminoferric,  forming  a  saturated  solution  having  a 
sp.  gravity  of  1*33,  eqi^al  to  66°  Twadiell. 

One  gallon  of  this  saturated  solution  at  60*^  Fah.  contains  7*5  lbs. 
of  solid  Aluminoferric. 
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PERCENTAGE   OF   SULPHUROUS  ACID  (SOJ 
IN    AQUEOUS  SOLUTIONS  OF  THE  GAS. 


Specific  Gravity 
at  15°  C. 


1-005() 
1-0113 
1-0221 
1-0275 
1-0328 
1-0377 
1-0426 
1-0474 
1-0520 


Degrees 
Twaddell. 


1-  12 

2-  65 

4-  45 

5-  50 

6-  56 

7-  54 

8-  52 

9-  4S 
10-40 


Specific  Gravity  of  the  Saturated  Solutions  of 
Some  Salts  and  the  Percentage  of  Anhydrous 
Salt  contained  in  the  Solutions  at  Saturated 
Point.     (Gerlach  &  Kremer's.) 


Tempera- 
ture 
-  C. 

Saturated  Solution. 

Name  of  the  Salt 

Specific 
Gravity. 

% 

Anhj^drous 
Salt. 

Chloride  of  Sodium  .. 

Calcium  .. 
,,       Barium  .. 
Carbonate  of  Soda  .. 
Sulphate  of  Soda 

.  NaCl 
.    Ca  CI2 
.    Ba  CI2 
.    Na2  CO.. 
.    Na.  so;' 

15 
15 
15 

15 
15 

1 -20433 
1-41104 
1-28267 
1-15350 
1  -11170 

26-395 

40-66 

25-97 

14-354 

11-952 
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WEIGHTS  OF  ONE 

CITRIC   FOOT   OF    DIFFERENT  KINDS 

OF 

RAW  MATERIALS,  &c. 

Name  of  Material. 

Lbs. 

Pyrites,  broken  pieces     

156 

,,      dust  or  "  smalls  " 

146J 

, ,      burnt                     ...        • .   

95 

Salt   

43 

Salt  cake,"  or  sulphate  of  soda   

73J 

Limestone small  pieces  "  ...   

87J 

Soda  ash   

74-5 

Bleaching  powder   

45/52 

Manganese  ore... 

138 

Coke,  lumps,  hard  burnt   

26/33 

Flints  

100 

Mechanical  wood  pulp,  individual  bales,  50  %  water 

59} 

,,                  5  J    in  store,  packed  close 

54/56 

Sulphite  wood  pulp,  bale,  10  %  water   

39 

,,       5  5    in  store   

36/37 

Aluminous  cake     

66 

Sulphate  of  alumina,  in  small  pieces,  17  % 

,,       5,       ,5        ground,  17  %  

64 

Magnesia     

70 

Brimstone    ..   

127 

Coal,  steam  ..   

47/54 

,,  slack 

45/60 

anthracite 

66/58 

9 


126 


Comparison  of  Degrees  Baum6  Specific  Gravity  and 
Degrees  Twaddell  @  12-5o  C. 

Rules:— B6  =  Degrees  Baum6  ;  Tw  =  Degrees  Twaddell ; 
Sp.  Gr.  =  Specific  Gravit3^ 


=  Sp.  Gr.    When  Water  =  1,000. 


Sp.Gr.— 1,000  ^ 

5  -T^- 

When  Water  =  1,000. 

Degrees 
Baum^. 

Specific 
Gravity. 

Degrees 
Twaddell. 

Degrees 
Baum^. 

Specific 
Gravity. 

Degrees 
Twaddell. 

1 

1-0069 

1-4 

37 

1-3447 

68-94 

2 

1-0140 

2-8 

38 

1-3574 

71-48 

3 

1-0212 

4-2 

39 

1-3703 

74-06 

4 

1-0285 

5-7 

40 

1-3834 

76-68 

5 

1-0358 

7-16 

41 

1-3968 

79-36 

6 

1-0434 

8-68 

42 

1-4105 

82-10 

7 

1-0509 

10-18 

43 

1-4244 

84-88 

8 

1-0587 

11-74 

44 

1-4386 

87-72 

9 

1-0665 

13-30 

45 

1-4531 

90-62 

10 

1-0745 

14-90 

46 

1-4678 

93-56 

11 

1-0825 

16-50 

47 

1-4828 

96-56 

12 

1-0907 

18-01 

48 

1-4984 

99-68 

13 

1-0990 

19-80 

49 

1-5141 

102-82 

14 

1-1074 

21-48 

50 

1-5301 

106-02 

15 

1-1160 

23-20 

51 

1-5466 

109-32 

16 

1-1247 

24-94 

52 

1-5633 

112-66 

17 

1-1335 

26-70 

53 

1-5804 

116-08 

18 

1-1425 

28-50 

54 

1-5978 

119-56 

19 

1-1516 

30-32 

55 

1-6158 

123-1 

20 

1-1608 

32-16 

56 

1-6342 

.  126-8 

21 

1-1702 

34-04 

57 

1-6529 

130-6 

22 

1-1798 

35-96 

58 

1-6720 

134-4 

23 

1-1896 

37-92 

59 

1-6916 

138-3 

24 

1-1994 

39-88 

60 

1-7116 

142-3 

25 

1-2095 

41-90 

61 

1-7322 

146-4 

26 

1-2198 

43-96 

62 

1-7532 

150-6 

27 

1-2301 

46-00 

63 

1-7748 

154-9 

28 

1-2407 

48-01 

64 

1-7960 

159-2 

29 

1-2515 

50-03 

65 

1-8195 

163-9 

30 

1-2624 

52-48 

66 

1-8428 

168-6 

31 

1-2736 

54-72 

67 

1-859 

171-8 

32 

1-2849 

56-98 

68 

1-864 

172-8 

33 

1-2965 

59-30 

69 

1-885 

177-0 

34 

1-3082 

61-64 

70 

1-909 

181-8 

35 

1-3202 

64-04 

71 

1-935 

187-0 

36 

1-3324 

66-48 

72 

1-960 

192-0 

Note. — The  above  is  for  Baume's  hydrometer,  generally  used  on  the 
Continent  of  Europe.  Another  scale  is  in  use  in  America,  to  which  the 
above  table  is  not  applicable. 


127 


CHAPTER  VIII. 


PAPER  MILL  MACHINERY. 

Rag  Cutter,  consisting  of  strong  cast-iron  wheel,  with  three 
cast  steel  knives  rerolving  against  a  cast  steel  dead  knife ; 
fluted  feed  rollers,  cast-iron  stand,  shaft,  fast  and  loose 
pulleys  complete,  weighs  about  25  cwts. ;  revolves  160  per 
minute,  making  480  cwts,  and  requires  from  2  to  4  h.p.,  in 
accordance  with  material  operated  upon. 

NuttaWs  Guillotine  Rag  Cutter. — Large  size:  Cuts  30  cwts. 
per  hour,  and  is  driven  by  a  pair  of  fast  and  loose  pulleys 
3  feet  lOJ-  inches  in  diameter  x  inches  wide;  120  revolu- 
tions per  minute  ;  weighs  5  tons,  and  requires  4  h.p.  Small 
size :  Cuts  20  cwts.  per  hour,  driven  by  a  pair  of  fast  and  loose 
pulleys  3  feet  diameter  x  4^  inches  wide ;  100  revolutions 
per  minute,  weighs  3  tons,  and  requires  3  h.p. 

Rag  Duster. — Drum  sieve,  7  feet  6  inches  to  8  feet  long, 
covered  with  iron  wire  gauze  ^-inch  mesh,  2  feet  9  inches 
diameter  at  narrow  end  and  3  feet  6  inches  diameter  at 
wide  end.  Wooden  revolving  shaft  inside,  with  pegs  34 — 40 
revolutions  per  minute.  Requires  1  h.p.  and  dust  3  cwts.  per 
hour.  Sieve  enclosed  in  wooden  box.  Larger  size  4  feet 
diameter  x  14  feet  long  on  slight  incline,  drum  covered  with 
^-inch  mesh  wire  gauze,  15  revolutions  per  minute. 

Grass  Duster. — Conical  drum  placed  horizontally,  with 
several  rows  of  spikes  passing  through  spaces  of  similar  rows 
in  the  conical  cover.  Bottom  of  conical  casing  is  of  open 
wirework,  through  which  dust  is  sucked  by  a  fan.  Grass  fed 
in  through  hopper  at  small  end  of  cone.  Revolutions  of 
drum  260  per  minute. 

Spherical  Boilers  for  Rag,  Straw,  Waste  Papers,  Sfc. — 
Shells  of  wrought-iron  or  mild  steel  plates  ;  two  manhole  covers, 
taps,  safety-valve,  pressure  gauge,  steam  and  water  connec- 
tions, blow-off  cock.  Cast-iron  stands,  with  worm  gearing 
and  worm  wheel  attached  to  trunnion  of  boiler,  shaft  fast  and 
loose  pulleys.  Makes  12  revolutions  per  hour  or  ith  of  a 
revolution  per  minute. 


Diameter 

Capacity  in 

Rags  per 

Straw  per 

in  Feet. 

Cubic  Feet. 

Charge. 

Charge. 

5 

65 

5  cwts. 

2|  cwts. 

6 

113 

H  „ 

7 

180 

14  „ 

8 

268 

20  „ 

114  „ 

9 

381 

30  ,, 

16  „ 

10 

523 

40  „ 

22  „ 

11 

697 

531  „ 

29  ., 

12 

905 

70  „ 

37|  „ 

Esparto  Boilers. — Upright  cylinders  of  wrought  iron  or 
mild  steel,  9  feet  diameter  by  9  feet  high ;  butt  joints 
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double  riveted,  capable  of  withstanding  a  pressure  of  100  lbs. 
per  square  inch,  and  provided  with  side  door  and  door  in 
dome  for  filling,  vomiting  arrangement,  run-off  cock,  safety 
valve,  blow-off  valve,  pressure  gauge,  &c.  Capacity  about 
672  cubic  feet,  will  take  a  charge  of  50  cwts.  Esparto. 

Soda  Wood  Pulp  Digesters. — Usually  upright  cylinders  of 
mild  steel  plates,  cone  shaped  at  top  and  bottom  :  provided 
with  manhole  and  cover  on  top  cone,  run-off  valve,  blow-off 
valve  at  bottom,  pressure  gauge,  ^o  vomiting  pipe,  but 
charge  heated  direct  with  injected  steam.  Shell  of  digester 
double  riveted  with  butt  joints,  and  capable  of  withstandirg 
a  working  pressure  of  140  lbs.  per  square  inch  above 
atmosphere.  From  60  to  100  cubic  feet  of  boiler  space  are 
required  per  ton  of  air-dry  soda  pulp  produced  per  week, 
according  to  quality. 

Sulphite  Pulp  Digesters. — Upright  cylinders  of  mild  steel 
plate  of  unusual  thickness,  butt  joints  with  the  inside  rivet- 
heads  countersunk,  cone  or  egg-shaped  top  and  bottom.  Top 
and  bottom  neck  pieces  of  cast  steel,  man-lid  with  bronze 
blow-off  valve,  bronze  run-off  valve  to  bottom  ;  steam  wheel 
and  check  valves  ;  thermometer  tube  and  testing  cock  at  side, 
pressure  gauge.  The  following  are  the  sizes  of  upright 
digester  shells,  and  then  approximate  capacity  per  charge 
expressed  in  tons  of  air-dry  pulp  : — 

10  feet  diameter  x  30  feet  high  =   3  tons  per  charge. 


14 
14 
14 
14 
15 
15 


X  35  „  „  =  6 

X  38  ,,  =  8 

X  40  „  „  =  9 

X  45  ,,  ,,  ^  10 

X  42  „  „  =  10 

X  45  ,,  ,,  =  15 


Note. — After  deducting  the  thickness  of  cement  and  tile 
lining  with  which  these  digesters  are  usually  lined,  the  net 
boiler  space  required  per  ton  of  pulp  per  charge  is  about  480 
cubic  feet. 

The  boiler  space  required  per  ton  of  pulp  made  per  week 
depends  upon  the  system  of  cooking  employed.  In  the 
Mitcherlich  slow  method  of  cooking  there  are  about  280 
cubic  feet  of  space  required  per  ton  of  air-dry  pulp  made  per 
week,  whilst  50  to  55  cubic  feet  will  suffice  for  the  quickest 
method  of  boiling. 

Kollergang. — Cast-iron  pan,  10  feet  diameter  x  18  inches 
deep,  with  granite  bedstone  6  feet  diameter  x  about  12  inches 
thick.  Two  granite  runners  G  feet  diameter,  one  18  inches 
wide  on  face  and  one  21 'inches  wide  on  face.  Under  driven 
with  bevel  gear  90  and  12  cogs,  2  inches  pitch,  5  inches  wide. 
Cast-iron  stands,  shaft,  fast  and  loose  pulleys,  &c.  Speed  of 
stones,  14  revolutions  per  minute.    Speed  of  shaft  =  105 
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revolutions  per  minute.  Size  of  pulley  =  42  inches  diameter 
X  7^  inches  on  face.  Weight  about  16  tons.  4  to  5  h.p.  with 
full  load. 

Pochers. — Cast-iron  trough  in  parts,  with  mid-feather  or 
wall  26  feet  long  x  14  feet  6  inches  wide  x  3  feet  deep  ; 
area  =  321  square  feet.  Total  cubic  capacity  about  900 
cubic  feet.  Wooden  paddles  in  cast-iron  arms  fixed  on 
wrought-iron  shaft.  Shaft  revolves  33  per  minute.  Will 
hold  15  to  20  cwts.  air-dry  pulp.  4  h.p.  Weight  about 
tons.  Drum  washer  5  feet  x  4  feet  6  inches  diameter; 
makes  6  to  7  revolutions  per  minute. 

Breakers. — (Capacity,  10  cwts.)  Cast-iron  trough  in  parts, 
and  joints  caulked  with  iron  borings  19  feet  long  x  9  feet 

3  inches  wide  (equal  to  157  square  feet  area)  ;  2  feet  6  inches 
deep  at  shallow  end  and  2  feet  11  inches  deep  at  deep  end; 
usual  back  fall  and  mid -wall.    Recess  for  washing  water 

4  feet  9  inches  long  x  7^  inches  wide,  5  inches  deep,  and 
covered  with  brass  plate  4,000  holes  inch  diameter ;  4-inch 
supply  pipe  (water).    Cast-iron  roll  4  feet  6  inches  diameter 

X  4  feet  6  inches  wide  ;  84  bars  in  21  clumps,  bars  of  Bessemer 
steel  If  inches  projection,  4  feet  6  inches  long  x  6  inches 
wide  X  Trtths  thick,  and  bevelled  1^  inches.  Pulley  on  roll 
shaft  5  feet  diameter  x  12  inches  on  face.  110  revolutions 
per  minute.    Bed-plate.  22  knives,  4  feet  6  inches  x  6  inches 

X  \  inch;  1-inch  bevel. 

Two  drum  washers,  3  feet  3  inches  diameter  x  3  feet 
9  inches  wide,  covered  with  honeycombed  sheet  brass  and  wire 
gauze;  12  revolutions  per  minute.  Weight  complete,  16  tons. 

Beating  Engines  ((/apacity,  5  cwts). — Ordinary  type  of 
Hollander.  Cast-iron  trough  in  one  piece,  16  ft.  long  x  8  ft. 
broad  (equal  to  114  sq.  ft.  area),  2  ft.  4  in.  deep  at  shallow  or  front 
end  and  2  ft.  7^  in.  at  deep  or  back  end.  Kecess  in  bottom  at 
front  of  roll  for  inlet  washing  water  4  ft.  3  in.  long,  covered 
with  perforated  brass  plate,  2,500  holes,  in.  diameter. 
Bottom  of  engine  dished.  Cast-iron  roll,  4  ft.  diameter  x 
4  ft.  wide  ;  weight,  3  to  4  tons.  100  bars  in  25  clumps  of  four 
each.  Bars,  4  ft.  long  x  5^  in.  broad  x  f  in.  thick,  bevelled 
1^  in.  Leading  bar  in  each  clump  of  gun  metal,  others  of  cast 
steel.  150  revolutions  per  minute.  Pulley,  in  roll  shaft, 
4  ft.  diameter  x  12^  in.  on  face.  Bed-plate  of  cast  steel,  24 
bars  4  ft.  long  x  5f  in.  broad  in.  thick.  23  zinc  dividers, 
-yV  in.  thick,  4  ft.  long  x  9  in.  broad,  placed  in  cast-iron  box. 
Drum  washer,  3  ft.  long  x  3  ft.  diameter,  covered  with  copper 
honeycombed  backing  plates  and  fine  wire  gauze,  60  meshes  to 
the  lineal  inch.  12  revolutions  per  minute.  Nominal  capacity 
of  engine,  525,  540,  and  620  lbs.  paper.    Total  weight,  11  tons. 

The  following  are  approximate  dimensions  of  beating 
engines  of  various  capacities: — 
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Reed^s  Beating  Engine, — Cast-iron  trough  in  pieces  20  feet 
long  X  12  feet  wide  over  all,  with  roll  elevated  above  level 
of  stuff.  Bronze  propeller,  in  pipe  24  inches  diameter,  at  end 
to  elevate  stuff  to  bed-plate ;  speed  of  propeller,  135  to  140 
revolutions  per  minute.  Eoll  3  feet  diameter  x  4  feet  wide. 
160  bars  of  Bessemer  steel,  set  equidistant  from  one  another, 
each  bar  6  inches  wide  x  i\  in.  thick,  no  bevel,  but  cut  square 
across;  pitch  }  inch,  projection  f  inch.  Speed  of  roll,  230 
revolutions  per  minute.  Pulley  on  roll  shaft  3  feet  6  inches 
diameter  x  8  inches  broad. 

Bed-plate  30  bars,  each  5J  inches  broad  x  \  in.  thick  except 
outside  one,  which  is  f  in.  or  \  inch  ;  \  in.  zinc  dividers. 

Capacity,  670  lbs.  dry  paper.    Weight  complete  =  10|  tons. 

The  Taylor  Patent  Beating  and  Refining  Engines  are  made 
in  sizes  of  from  400  lbs.  capacity  to  1,200  lbs.  capacity  of  dry 
paper  with  the  horizontal  trough,  and  up  to  2,000  lbs.  or  more 
capacity  with  vertical  tower  trough.  The  rolls  are  3  feet, 
4  feet,  and  5  feet  wide  on  face  respectively.  The  circulation 
of  the  pulp  in  the  engine  is  accomplished  by  means  of  Masson 
Scott  &  Co.'s  Patent  Stuff  Circulator,  which  also  delivers  the 
pulp  into  the  stuff  chests,  and  empties  the  engine,  and  to  a 
level  above  the  level  of  the  beating  engines  if  necessary. 

The  floor  space  required  for  the  horizontal  beating  engines 
is  as  follows  : — 

ft.  ins.    ft.  ins. 

For  400  lbs.  capacity  engine    14    0x6  8 

,,   600  to  700  lbs.  engine   14    0  x  8  3 

, ,   900  lbs.  capacity  engine    15    6x9  3 

„   1,200  lbs.  ,,    19    7x9  3 

The  space  required  for  the  vertical  tower  beating  engine, 
to  carry  about  1,500  lbs.  to  2,000  lbs.  of  dry  paper,  is 
9  feet  8  inches  x  9  feet  8  inches. 
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Roger's  Wandel  Strainer. — Eevolving  drum,  85  inches  long 
X  28  inches  in  diameter,  making  2  to  2|  revolutions  per 
minute.  Flow  of  stuff  from  inside  to  outside  self -cleaning. 
Speed  of  cam  shaft  180  revolutions  per  minute  ;  number  of 
knocks  per  minute,  900.  Size  of  pulley  on  cam  shaft 
12  inches  diameter  x  4  inches  on  face.  Cast-iron  stands 
and  trough.    Total  weight,  25  cwt. 

Reinicke  and  Jasper's  Revolving  Strainer. — Revolving  drum, 
94|  inches  long  x  24  inches  diameter,  in  cast-iron  trough, 
flow  of  stuff  from  outside  to  inside  self -cleaning.  Drum 
makes  about  one  revolution  per  minute,  and  has  no  knock. 
Shaft  producing  suction,  revolutions  420  per  minute,  pulley 
on  same =8^  inches  diameter  x  4 J  inches  on  face.  Cast- 
iron  stand  complete  weighs  80  cwts. 

White's  Oscillating  Strainer, — Flat  straining  surface,  7  feet 
x  2  feet  =  14  square  feet  area,  in  cast-iron  oscillating  frame 
7  feet  2  inches  x  2  feet  10  inches  inside  measurement, 
with  automatic  valves  at  sides  for  coarse  stuff.  Self- 
cleaning,  oscillations  per  minute  =  10.  Rubber  diaphragm 
dilates  =  570  per  minute.  Speed  of  shaft,  570  revolutions 
per  minute,  pulley  on  shaft  lOj  inches  diameter  x  4^ 
inches  on  face.  Cast-iron  stands  and  bed-plate ;  total 
weight  50  cwts.  With  4J  cwt.  (Watson's)  strainer  will 
pass  700  to  800  lbs.  esparto  stuff  per  hour. 


Paper  machine  speeds^  Sfc. — 

Steam  engines   

Stuff  chest  agitators   

No.  of  rams. 
Back-water  pumps  2 

Stuff  pump   1 

Vacuum    3 

Hogs  in  breast  box   

Pulp    Save  all "  Wandles 
Felt  washer  rolls... 
Ventilators  (Blackman's)  ... 
Damping  brush   


Revs,  per  min. 

90  to  100 

8  to  10 

Dia. 

Stroke. 

8  in. 

18  in. 

46 

6  „ 

12  „ 

11 

6  „ 

10  „ 

60 

36 

7 

33 

900 

200/300 

Roll. — Calender,  80  inches  wide,  consisting  of  strong  cast- 
iron  upright  frames,  with  compound  levers  and  weights, 
eight  rolls — four  of  paper,  cotton,  or  asbestos,  and  four  of  hard 
chilled  iron — reeling  off  and  on  brackets,  spreading  roll, 
platform  with  stair  and  handrails,  fast  and  loose  pulleys,  and 
gear  arrangement  for  two  speeds  ;  weighs  complete  from  19 
to  20  tons.  Feeding  speed,  14  feet  per  minute.  Running 
speed,  200  to  240  feet  per  minute.  Requires  35  to  40  horse 
power. 
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Revolving  Cutters. — Average  strokes  on  fly  knife,  30 ; 
usually  3-step  or  cone  pulley  is  fixed  to  cutters,  to  rise  or  fall 
10  cuts  per  minute,  which  will  give  20,  30,  and  40  cuts  per 
minute.    Requires  1^  to  3  horse  power. 


Papier  Zeitung. 

POWER  REQUIRED  TO  DRIVE  A  FOURDRINIER 
PAPER  MACHINE. 

The  following  figures  were  obtained  by  Messrs.  Korn  &  Bock 
in  their  paper  mill  at  Sacraw. 

Particulars  or  Machine,  &c. — Wire  66  in.  wide  (1670 
m.m.).  Speed  217  ft.  per  min.  (66*2  metres).  Paper,  reeled 
news,  about  22  lbs.  double  crown.  Steam  engine,  cyl.  ll^J  in. 
diam.  by  23|  in.  stroke,  100  revols.  per  min.  Machinery  driven 
by  this  engine  was  as  follows: — 
a — Two  stuff  chest  ag-itaters. 

&— One  Kron's  backwater  screw  pump ;  speed  412  revols.  per  min.  ; 

height  of  lift,  4  ft.  9  in. 
c — One  cir.  revolving  knotter  (Reinecke  &  Jasper).     Cut  No.  4, 

length  8  feet  (2450  m.m.),  23|  in.  dia.  ;  350  revols.  per  min. 
d — Pulp  stirrer  in  breast  box  ('*hog").  Box  7  ft.  9  x  38  in.  x  28|  in.; 

"  hog"  revolved  36  times  per  min. 
e — One  wire  cloth  with  2  suction  boxes. 

/—Friction  shake  apparatus.  Disc  on  working  shaft  98  revols.  per 
min.,  the  wet  end  of  machine  170  vibrations  per  min.  to  or  fro. 

g — First  press  rolls,  bottom  covered  with  rubber,  95  in.  dia.,  lever  press 
on  journals. 

A— Second  press  rolls.    Two  chilled  iron  10^  in.  dia.,  66|  in.  on  face. 

Handscrew  press  at  journal  ends. 
j — Four  dryins:  cj^linders  38|  in.  dia.  by  66  in.  on  face,  and  one  felt 

drying-  cylinder  28|  in.  by  66  in.  on  face. 
A;— Three  dr3ang  cylinders  as  above,  and  one  felt  drying  cylinder 

27^  in.  dia. 

I — One  pair  intermediate  smoothing  rolls,  similar  to  2nd  press. 

m— One  large  drying  cylinder,  59  in.  dia.  by  66  in.  on  face,  with  one 

felt  drying  cjdinder  23i  in.  dia. 
n — One  pair  smoothing  rolls  as  at  '*  I"  similar  to  2nd  press, 
o— One  large  drying  cylinder,  59  in.  dia.  by  66  in.  on  face. 
^— One  stack  of  calenders,  6  rolls,  bottom  roll  16^  in.  dia.  by  66  in.  on 

face,  the  others  8 J  in.  dia.  by  66  in.  on  face. 
q — One  of  Kron's  dampers, 
r — One  slitter  and  counter. 
.9 — Friction  reeler  for  4  reels. 

Pulp  save-all  wire  cloth  drum,  25  in.  dia.  by  24  in.  wide  ;  7  revols. 

per  min. 

Felt  washer  rolls,  12  in.  dia.  ;  39  in.  wide  ;  33  revols.  per  min. 
r— One  of  Schiele's  rotating  ventilators,  25^  in.  dia.  ;  900  revols. 
per  min. 

ic— Hot-water  feed  pump  for  steam  boiler.  Ram,  2|  in.  dia.  ;  4  in. 
stroke  ;  80  revols.  per  min.    Press,  in  boiler,  90  lbs.  per  sq.  in. 
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Consumption  of  Power. 

I.  II.  p. 


By  the  Felt-washer  was  estimated  to  be  ...    0  25 

„     Palp  save-all          „          .,      ...       ...       ...  0*20 

„     Pulp  stirrer  or hog  "   O'lO 

„     Feed  pump  was  calculated         ...       ...       ...  0*65 

„     Ventilator  taken  from  reliable  sources  ...       ...  0*60 

„      Smoothing  rolls,  calculated  from  investigations  0*90 


The  work  of  each  large  drying  cylinder  was  assumed  to  be 
equal  to  2  small  ones,  and  the  necessary  power  for  the  latter 
calculated  from  the  diagrams. 


TABLE  A. — When  the  Machine  is  Running  Empty. 

I.H.P. 

1.  The  steam  engine  alone  at  100  revols.  per  min.    ...  5-02 

2.  The  f oregoingjtogether  with  the  whole  line  of  shafting  12  '73 

3.  Do.     do.    with  1  felt  washer,  1  ventilator,  1  "hog,"(  17.00 

2  large  drying  cylinders,  and  2  smoothing  rolls) 

4.  Do.     do.    with  1  pulp  chest  full  of  pulp   18-76 

5.  Do.     do.     do.  1  knotter  with  water    19*78 

6.  Do.     do.    do.  the  shake  motion   20*32 

7.  Do.     do.     do.  1st  press  rolls  and  lever  pressure  on  21*70 

8.  Do.     do.    do.  2nd    do.     do.    screw      do.  23*26 

9.  Do.     do.    do.  7  drying  cylinders  and  2  felt  driers  28*19 

10.  Do.     do.     do.  calenders  (6  rolls)   3077 

11.  Do.      do.     do.  wire  cloth,  without  pulp  or  suction)  01  .q^ 

on  suction  boxes  j-  o  yo 


TABLE  B.— When  Pulp  was  Running  on  Machine. 

I.H.P 

1.  When  all  is  going  excepting  the  wire  cloth,  1st  and)  00.4.-1 

2nd  press  rolls  and  reeler        ...   jT 

2.  ,,     the  wire  cloth,  where  suction  boxes  were  added  34*69 

3.  „     1st  and  2nd  press  rolls  were  added   36*64: 

4.  ,,     drying  cylinders  ,,  ...  37*06 

5.  calenders    37*25 

6.  cutter,  damper,  and  reeler    ,,  ...       ...  38*25 

The  sum  of  the  differences  between  6  and  7,  7  and  8,  and 
10  and  11  in  Table  A  gives  4*13  i.h.p.  as  the  quantity  required 
to  drive  those  parts  of  the  machine  which  are  not  in  motion  in 
No.  1,  Table  B,  and,  deducting  this  from  the  total  i.h.p  of  A, 
we  have  31*94— 4-13  =  27*81.  If  then  we  deduct  this  from  B, 
thus:  32*41 — 27*81  =  4*58  i.h.p.,  we  obtain  the  amount  of  power 
required  to  drive  the  boiler  feed  pump  (calculated  to  consume 
0*65  h.p.) ;  one  pulp  save-all  (estimated  to  require  0*20  h.p.) ; 
the  knotter  and  Kron's  screw  pump.    If  the  knotter  requires 
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0*50  h.p.  more  when  it  works  paper  pulp  than  when  passing 
water  as  already  obtained  (giving  a  total  of  1*52  h.p.),  there 
remains  a  difference  of  2*23,  which  is  placed  against  the  Kron 
pump,  thus:  4-58— (0-65+0-2+1-5)  =  2-23. 

The  wire  cloth,  No.  11  on  Table  A  (difference  between  10 
and  11)  absorbs  1*19  i.h.p.,  whilst  in  No.  2,  Table  B,  the  total 
power  required  to  overcome  friction,  &c.,  due  to  the  application 
of  the  suction,  and  also  to  drive  the  wire  when  empty  is 
plainly  seen.  The  press  rolls  give  in  B  the  required  power  of 
2  i.h.p.  when  the  machine  was  working  pulp,  whilst  when 
running  empty  the  power  required  was  equal  to  2*80  i.h.p. 
Apparently  the  difference  in  these  figures  is  due  to  the  press 
rolls  in  8  A  being  tightly  screwed  down  while  running  empty, 
and  less  pressure  being  put  on  when  making  paper.  When 
the  paper  web  passed  over  the  drying  cylinders  the  power 
required  by  them  was  0*42  i.h.p  more  than  when  the  machine 
ran  empty.  The  calenders  likewise  indicated  a  similar 
difference  of  0*19  i.h.p.  The  ripper,  damping  and  friction 
reeling  apparatus,  required  altogether  HO  i.h.p.,  of  which  0*9 
should  be  debited  to  the  reeling  apparatus. 

Apportioning  the  quantities  of  power  required  by  the 
several   parts  of  the  machine   the  following  figures  are 


obtained,  viz. : — 

I.H.P. 

Steam  engine  with  wheels   ...       ...       ...  5'02 

Shafting  alone    7*71 

Stuff  chests     1-38 

Kron's  pump     2*23 

Knotter    1-52 

Wire  cloth  and  suction  boxes    ...       ...  2-28 

One  pulp  stirrer,  "  hog"   0*10 

Shake   0-54 

Drying  cylinders    ...       ...       ...       ...  8*15 

Smoothing  rolls    ...       ...  2*45 

Calenders    2*77 

Ripper,  damper,  and  reeler         ...       ...       ...       ...  I'lO 

Pulp  " save-all"    0*20 

Felt  washer   0*25 

Ventilator    0*60 

Force  pump  for  boilers      ...    ...       ...  0*65 


38-40 

Note. — The  exhaust  steam  from  the  engine  was  not  used  for 
drying  the  paper. 
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APPENDIX. 


DETERMINATION  OF  SULPHIDE  OF  SODIUM  IN 
RECOVERED  ASH  OBTAINED  IN  THE  '^SUL- 
PHATE"  PROCESS  (See  Page  62.) 

One  gramme  of  the  ash  is  dissolved  in  250  cos.  of  cold 
water  freed  from  oxygen  hy  boiling,  acidulate  with  acetic 
acid  and  titrate  quickly  with  decinormal  iodine,  using  starch 
as  an  indicator.    One  c.c.  of  the  iodine  solution  is  equivalent 

N 

to  0'0039  Nag  S.    The  number  of  c.cs.  of      iodine  consumed 

X  0'0039  X  100  =:  per  cent,  sulphide  of  sodium.  A  measured 
portion  of  the  solution  of  the  ash,  made  as  described  on  page 
86,  may  be  taken  for  this  test,  50  c.cs.  of  this  solution  being 
equivalent  to  one  gramme  of  the  dry  ash. 


TRADE  CUSTOMS. 

The  following  are  the  recognised  customs  of  the 
Trade  relative  to  Paper  Making,  provided  that  no 
agreement  to  the  contrary  has  been  made  at  the  time 
of  the  order  between  the  vendor  and  the  purchaser  : — 

I.— SALE. 

Paper  is  sold  either^  at  a  price  per  ream,  based  upon  its 
nominal  weight,  or  at  the  actual  weight  by  the  pound,  packed  in 
reams  or  in  reels.  Wrapping  Paper  is  sold  by  cwt.  at  scale 
weight. 

Machine-Made  Papers. 

(1)  A  ream  of  paper,  unless  otherwise  specified,  contains  480 
sheets. 

(2)  An    Insides  "  ream  contains  480  sheets  all    Insides,"  i.e., 
20  good  or  inside  quires  of  24  sheets  each. 
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(3)  A    Perfect  "  ream  for  printing  papers  contains  516  sheets. 

(4)  A  ream  of  Envelope  Paper  contains  504  sheets. 

(5)  A  ream  of  News  contains  500  sheets. 

(6)  A  "Mill"  ream  contains  480  sheets,  and  consists  of  18 
"  good  "  or  Insides  "  quires  of  24  sheets  each,  and  two 
"  Outsides  "  quires  of  24  sheets  each. 

(7)  Reams  are  classed  as  "  Good,"     Retree,"  and  "  Outsides.'* 

The  price  of  "  Retree  "  is  10  per  cent.,  and  of  "  Outsides  " 
20  per  cent.,  lower  than  that  of  "  Good." 

Hand-Made  Papers. 

(8)  A  '^Mill"  ream,  Good,"  or  Retree,"  contains  472 
sheets,  and  consists  of  18*' Insides"  quires  of  24  sheets 
each,  and  two  '*  Outsides  "  of  20  sheets  each. 

(9)  An  Insides  "  ream,  '*  Good,"  or  "  Retree,"  contains  480 
sheets,  and  consists  of  20  "Insides"  quires  of  24  sheets 
each. 

In  all  cases  the  "  Outsides  "  quires  are  placed  one  at  the  top  and 
one  at  the  bottom  of  the  ream. 


II.— VARIATIONS  IN  WEIGHT. 

(1)  If  the  total  actual  weight,  or  that  of  any  individual  ream 
or  reel,  does  not  vary  by  more  than  5  per  cent.,  either 
above  or  below  the  ordered  weight,  the  order  is  duly 
executed. 

(2)  When  the  purchaser  has  fixed  a  maximum  weight  per 
ream,  the  order  is  duly  executed  if  the  paper  be  not  more 
than  10  per  cent,  under  weight. 

(3)  But  for  all  papers  of  substance  under  6  lbs.  Demy 
(17|  X  22J),  and  above  50  lbs.  Demy,  the  actual  weight 
may  vary  10  per  cent.,  either  over  or  under. 

(4)  In  the  case  of  reels,  claims  for  short  length  can  only  be 
made  when  the  shortage  exceeds  5  per  cent.,  and  then 
only  for  the  amount  of  any  excess  over  and  above 
such  5  per  cent. 

(5)  Payment  for  paper  in  reels,  according  to  the  yield  of  sale- 
able copies,  cannot  be  claimed  by  the  purchaser  unless 
so  stipulated  at  the  time  of  the  order. 
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III.— VARIATIONS  IN  MEASUREMENT. 

(1)  The  size  of  the  paper  in  reams  may  vary,  but  in  "  Good  " 
reams  the  variation  must  not  exceed  ^  per  cent.,  with 
a  minimum  of  J  inch  either  way. 

(2)  The  width  of  paper  in  reels  must  not  vary  more  than 
^  per  cent. 

N.B. — Clauses  II.  and  III.  are  not  applicable  to  hand-made 
paper. 

IV.— SPECIAL  MAKINGS. 

(1)  For  makings  of  special  weight,  size,  tint,  water-mark,  &c., 
not  having  a  regular  sale  in  the  market  the  order  is 
considered  to  be  duly  executed  if  the  quantity  made  is 
not  more  than  5  per  cent,  under  the  quantity  ordered, 
and  the  purchaser  is  bound  to  take  at  full  price  any 
reasonable  excess.  In  Writing  and  Drawing  Papers  it 
is  customary  for  the  buyer  to  take  with  the  * '  Good ' ' 
the    Retree  "  and  Outsides." 

(2)  Where  a  maximum  quantity  is  stipulated  for  when  order- 
ing, the  order  is  considered  duly  executed  if  it  amounts 
to  not  less  than  90  per  cent,  of  the  stipulated  quantity. 

v.— MATERIALS. 

(1)  Unless  otherwise  expressly  stipulated  in  the  order,  the 
maker  is  absolutely  free  as  to  what  materials  he  shall  use. 

VI.— WRAPPING  UP. 

(1)  The  weight  of  necessary  wrappers  and  string  for  reams 
and  reels  is  to  be  included  in  the  chargeable  weight  of 
the  paper. 

VII.— MODE  OF  PAYMENT. 

(1)  The  customary  terms  of  payment  are  cash  within  30  days 
from  the  end  of  the  month  in  which  shipment  was  made 
for  Export  Sales,  and  within  30  days  from  the  end  of  the 
month  in  which  delivery  was  effected  for  Home  Sales. 

VIII.— RETURNED  EMPTIES. 

(1)  Carriage  on  returned  empty  Frames,  Centres,  Boards, 
Boxes,  Packing-Cases,  &c.,  is  payable  by  Customers 
returning  same. 

10 


SIZE5  OF  PAPERS 
Current  in  France  and  Belgium. 


Cloche  ...   

31) 

X 

Af\ 

40 

— 

120U  A 

Pot   

31 

X 

40 

— 

1240 

Telliere  Beige... 

34 

X 

43 

1462 

Telliere   

34 

X 

44 

— 

1496 

CJouronne  ...   

36 

X 

46 

— 

1656 

Double  Procureur  ... 

30 

X 

53 

— 

1855 

Ecu   

40 

X 

52 

— 

2080 

Ecu  Beige   

40 

X 

53 

— 

2120 

Coquille 

44 

X 

56 

— 

2464 

Carre  

45 

X 

00 

— 

Cavalier 

46 

X 

62 

— 

norm 

2852 

Royal  

48 

X 

63 

— 

3024  / 

Raisin  ... 

50 

X 

65 

— 

3250 

Jretit  Soleil 

oU 

X 

00 

o4UU 

Jesus  ... 

55 

X 

70 

3850 

Jesus  Beige   

54 

X 

73 

3942 

Grand  Soleil  

57 

X 

80 

4560 

Elephant 

...  62 

X 

77 

4774 

Colonibier  Beige   

62 

X 

85 

5270 

Colombier 

62 

X 

86 

5332 

Grand  Colombier   

...  63 

X 

90 

5670 

Grand  Aigle  

...  70 

X 

100 

7000  J 

The  figures  in  ttie  following  tables 
indicate  the  weight  in  grammes  of  a  sheet  measuring 
one  square  metre. 
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one  metre  square. 

(Majer.J 

Grammes 
per 

Demy. 

Royal. 

Dble. 
F'scap. 

Dble. 
Crown. 

Im- 
perial. 

Square 
Metre. 

17J  X  22^ 

20x25 

17x27 

20x30 

22  X  29 

22x32 

25x30 

46x36 

lbs.  oz. 

lbs.  oz. 

lbs.  oz. 

lbs.  oz. 

lbs.  oz. 

lbs.  oz. 

lbs.  oz. 

lbs.  oz. 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

5  6 
5  lOi 

5  15 

6  3 
6  7i 

6  12 

7  (1 
7  41 
7  81 

7  13" 

8  1 
8  5i- 
8  10 

8  14 

9  2 
9  7 
9  11 
9  151 

10  31 
10  8 

10  12 

11  oi 

11  5 
11  9 

11  13^ 

12  2 
12  6 
12  101 

12  141 

13  3 
13  71 

6  13 

7  3 
7  8 

7  131 

8  3 
8  81 

8  14 

9  31 
9  91 
9  131 

10  4 
10  9 

10  15 

11  4 
11  10 

11  15 

12  4^ 

12  10 

13  0 
13  5 

13  11 

14  0 
14  51 

14  11 

15  1 
15  6^ 

15  in 

16  01 

16  6 

11  Hi 

17  1 

6  4 
6  11 

6  141 

7  31 
7  81 

7  131 

8  21 
8  71 

8  121 

9  11 
9  61 
9  111 

10  01 
10  6 

10  11 

11  0 
11  5 
11  10 

11  15 

12  4 
12  9 

12  14 

13  2 
13  7 

13  12 

14  1 
14  6 

14  11 

15  0 
15  5 
15  10 

8  3 

8  91 

9  0 
9  71 
9  13 

10  4 

10  11 

11  1 
11  8 

11  14 

12  41 

12  11 

13  2 
13  9 

13  15 

14  6 

14  12 

15  3 

15  10 

16  0 
16  6 

16  13 

17  4 

17  10 

18  0 
18  6 

18  13 

19  3 

19  10 

20  0 
20  7h 

8  in 

9  21 
9  91 
10  01 
10  7i 

10  141 

11  51 

11  m 

12  31 

12  101 

13  11 
13  81 

13  151 

14  61 

14  131 

15  5" 

15  12 

16  3 

16  10 

17  1 
17  7 

17  4 

18  5 

18  12 

19  3 

19  10 

20  1 
20  8 

20  15 

21  6 
21  13 

9  10 
10  1^ 

10  91 

11  1 

11  8h 

12  0" 

12  8 

13  0 

13  8 

14  0 
14  6^ 

14  141 

15  6hr 

15  141 

16  6 

16  14 

17  6 

17  14 

18  6 

18  14 

19  4 

19  11 

20  3 

20  10 

21  2 

21  10 

22  1 

22  9 

23  1 

23  8 

24  1 

10  4 

10  12 

11  41 

11  12^ 

12  41 

12  12i 

13  41 

13  121 

14  41 

14  121 

15  51 

15  14 

16  6 

16  14 

17  6 

17  141 

18  61 

18  15 

19  7 

19  15 

20  8 

21  0 

21  8 

22  0 

22  8 

23  1 

23  9 

24  1 

24  9 

25  1 
25  10 

22  10 

23  12 

24  14 

26  0 

27  2 

28  4 

29  6 

30  8 

31  10 

32  12 

33  14 

35  0 

36  2 

37  4 

38  6 

39  9 

40  11 

41  13 

43  0 

44  2 

45  4 

46  6 

47  8 

48  10 

49  12 

50  14 

52  0 

53  4 

54  6 

55  8 

56  10 

INDEX. 
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A 

Absolute  or  Tensile  Strength  of  Papers    102 

Account  Book  Papers,  Sizes  of    19 

Acidimetry    87 

Acme  Beaters,  Particulars  of     133 

Adjective  or  Acid  Dyes    71 

Air  required  for  Burning  Sulphur   67 

Air,  Composition  of    67 

Alkalimetry    84 

Aluminoferric    118 

Alumina,  Sulphate  of   72,  112 

,,      Acetate  of    72 

,,      Solutions  of  Pure  Sulphate  of   117 

Alums,  Composition  and  Uses  of    72,  112 

Alum  (Aluminous  Cake),  Examination  of   93 

Analyst's  Certificate — Moisture  in  Wood  Pulp   Ill 

Analyses,  General  Paper-mill    78 

Annatto   75 

Ash  in  Papers,  Determination  of  the    104 

Atomic  Weights  of  Chemical  Elements,  Table  of    78 

B 

Barium  Chloride,  Sp.  gr.  of  Saturated  Solution  of    119 

"  Bases  "  in  Bisulphite  Liquors,  Estimation  of                    ,   89 

Basic  Dyes        ...    71 

Baum4,  Comparison  of  Degrees  Twaddell  and  Sp.  gr.  with   126 

Beating  Engines,  Capacity  and  Dimensions  of   129 

Bisulphites,  Preparation  of   64 

of  Lime  64,  67 

,,         of  Magnesia    65 

„         of  Soda    65 

,,         of  Lime  Liquors,  Composition  of   66 

,,         Liquors,  Analyses  of   88 

Bleaching  (Hot),  Formula  for  Calculating  Steam  required  for       ...  46 

,,       Powder,  Valuation  of    91 

,,            ,,      Composition  of   116 

„            ,,      Solutions,  Available  Chlorine  in    116 

Blotting  Paper,  Sizes  of    22 

Blue,  Ultramarine        77 

,,    Prussian     77 

,,     Pigments   77 

Boards,  Sizes  of   22 

Boilers,  Capacity  of  Spherical        ..                                         ...  127 

Brazil  or  Yellow  Wood   75 

Breaking  length  of  Papers    102 

Breaking  Engine,  Capacity  and  Dimensions  of   129 

Bristol  Boards,  Sizes  of    22 

British  Thermal  Unit,  Definition  of   39 

Brown  Papers,  Sizes  of    21 

,,     Pigments    77 
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C  PAGE 

Calcium  Chloride,  Sp.  gr.  of  Saturated  Solution  of    119 

Calenders,  Particulars  of  Roll    135 

Calorimeter,  Fischer's    100 

Carbonate  of  Soda,  Sp.  gr.  of  Saturated  Solution  of    119 

Cardboards,  Sizes  of    22 

Cartridge  Papers,  Sizes  of    21 

Catechu   76 

Caustic  Soda,  Sp.  gr.  and  Composition  of  Solutions  of         ...       114,  115 

,,      Valuation  of   85 

,,      ,,      Composition  of    112 

Cellulose,  Preparation  of  Wood,  by  Soda  process    60,  62 

„               ,,               ,,          Sulphate  process   62 

,,               ,,                          Bisulphite  process    63 

Centigrade  with  Fahrenheit  and  Reaumur,  Comparison  of    36 

Certificate  for  Wood-pulp  Test    Ill 

Chart  Papers,  Sizes  of   20 

Chemical  Elements,  Table  of   78 

Chimney  Gases,  Examination  of                        . .    99 

China  Clays,  Examination  of     95 

Chloride  of  Sodium,  Estimation  of,  in  Alkaline  Liquid         ,   86 

Chrome,  Yellow   76 

Clark's  Soap  Test    98 

Classification  of  Papers  in  Germany      25 

Coal,  Examination  of     98 

Cochineal   76 

Coloured  Papers   69 

Combustion  of  Sulphur  in  Air    66 

Comparison  of  Thermometric  Scales      36 

Composition  of  Straws  and  of  Ashes  from  Straws    57 

Composition  (percentage)  of  Chemical  Compounds    79 

Copper  Mordants    73 

Copying  Papers,  Sizes  of    20 

Cost  Table — Id.  to  5d.  per  lb.,  Less  Discounts   32 

Cotton  Fibre,  Chemical  Properties  of    69 

Cutters,  Revolving    136 


D 

Digesting  Esparto,  &lc..  Steam  required  for 
Digesters,  Mitscherlich's,  Sizes  of   

,,       Soda  Wood-pulp   

,,       Sulphite  Wood-pulp,  Capacity  of 

Drawing  Papers,  Sizes  of   

Drying  Pulp  or  Paper,  Steam  required  for 

Duster,  Particulars  of  Rag   

,,  Grass  

Dyeing,  Paper-pulp   

Dyes,  Basic  and  Acid  

E 


Elements,  Table  of  Chemical   78 

Equivalent  Weights — French  Sizes   Appendix 

Equivalent  Weights  of  Writing  Papers    28 

,,         Printing     ,,    27 

,,         Wrapping   ,,    29 

Esparto,  Steam  required  for  Digesting    46 

Particulars  of  Boiling  in  Caustic  Lyes   55 

Yield  of  Pulp  from   56 

,,      Boilers,  Capacity  of    127 

Evaporator  (Yaryan)  Tests   52 


46 
67 

...  128 
...  128 
19 
50 

...  127 
...  127 
...  69,  71 
71 
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F 


Fahrenheit  with  Centigrade  and  Reaumur,  Comparison  of   36 

Fibres,  Properties  of   69 

Fischer's  Calorimeter   100 

Flues,  Determination  of  Temperature  of   99 

Formulae — Heating  Liquids  with  Steam   46 

Frank's  Apparatus    67 

G 

German  Classification  and  Sizes  of  Papers    25 

Glazed  Pressing  Boards,  Sizes  of    23 

Grocers'  Papers,  Sizes  of    21 


H 

Hardness  of  Water,  Determination  of 

Heating  with  steam  ...   

Heat,  Definition  of  British  Unit  of  ... 

Heats,  Table  of  Specific   

Heat,  Definition  of  Specific  

„  ,,  Latent   

Hollanders,  Capacity  and  Dimensions  of  ... 
Hot-bleaching,  Formula  for  Calculating  Steam 
Hydrochloric  Acid,  Sp.  gr.  of   

I 


Iron  Mordants      73 

„   Nitrate  of   76 

J 

Jute  Cellulose,  Properties  of   70 

„   Treatment  of    55 

K 

Kollergangs,  Dimensions,  &c.,  of    128 


L 

Latent  Heat,  Definition  of   

Lead  Salts  as  M  ordants   

Lime,  Composition  of  Bisulphite  of... 
Linen  Cellulose,  Properties  of 

Liquids,  Heating  with  Steam  

Loan  Papers,  Sizes  of  

Logwood  

Losses  in  Treatment  of  Rags  

„  Jute  

M 


Magnesia,  Bisulphite  of    65 

Manganese,  Brown    77 

Marshall's  Refiners,  Particulars  of   134 

Mechanical  Wood,  Chemical  Tests  for    Il8 

Metrical  Equivalents  of  Weights  and  Measures   1 

Micro-chemical  Reactions  of  Fibres    105 

Millboards,  Sizes  of    24 

Iklineral  Pi»<ments    76 

Mitscherlich's  Towers  and  Digesters    67 

Molecular  Weights  of  Compounds    79 

Mordants   72 


  97 

  39 

  39 

  39 

  39 

  39 

   129 

required  for   46 

  121 


39 
73 
64 
70 
44 
19 
76 
54 
55 


11 
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N 


Nuttall's  Rag-cutter   127 


O 

Ochres  ..    76 


P 

Papers,  Sizes  of    19 

,,      in  Germany   25 

Equivalent  Weight  of  per  Ream   27 

Cost  per  Ton  at  Id.  to  5d.  per  lb.,  Less  Discounts    32 

Paper  Testing   102 

,,    Resistance  of,  to  Folding  and  Crumpling    103 

,,    Thickness,  Determination  of    104 

Microscopical  Investigation  of      104 

Animal  Size  in   108 

Rosin        „    108 

Starch  in      108 

„    Free  Acid  in    108 

,,    Mechanical  Wood  in   108 

,,    Mill  Machinery   127 

,,    Machine  Speeds    135 

Parchment  (Writing),  Sizes  of    23 

Paste  Blue    77 

Pearson  and  Bertram's  Refiner      ...    134 

Pigments,  Mineral    76 

Plate  Paper,  Sizes  of   20 

Pochers,  Dimension  and  Capacity  of      129 

Portfolios,  Sizes  of    23 

Power  required  to  drive  Paper  Machine   136 

Printing  Paper,  Sizes  of    20 

Papers,  Equivalent  Weights    27 

Properties  of  Saturated  Steam,  Table  of  ...    40 

„      ,,    Fibres    ...      69 

Prussian  Blue    ...                                                                  ...  77 

Pulp  (or  Paper),  Formula  for  Calculating  Steam  required  for  Drying  50 

„   from  Wood  by  Soda  Process,       Yield  of  60,  62 

,,          Sulphate  Process,       ,,    62 

,,            ,,          Bisulphite  Process,     ,,                                 ..  63 

,,   Preparation  of  Wood-  60,  66 

Pump  Speeds      135 


Q 

Quercitron    75 


R 

Rags,  Treatment  of    64 

Rag  Cutter    127 

Rag  Boilers,  Capacity  of  Spherical   127 

Reaumur  with  Fahrenheit  and  Centigrade,  Comparison  of   36 

Recovered  Ash,  Analysis  of   85 

Red,  Venetian   77 

Pigments     77 

„   Wood    75 

Reed  Beater,  Particulars  of   132 

Refiners,  Particulars  of      132 
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Reinicke  and  Jasper's  Revolving  Strainer   135 

Rogers'  Wandel-Strainer    135 

Rosin,  Examination  of   96 

-Size,  Analysis  of    90 


S 

Salt  Cake  or  Crude  Sulphate  of  Soda,  Analysis  of    94 

Silicate  of  Soda  in  Alkaline  Liquors,  Estimation  of     ...    87 

Size,  Analysis  of  Rosin   90 

Sizes  of  Paper— France  and  Belgium    Appendix 

Sizes  of  Paper  in  Germany    25 

Sizing,  Determination  of  the  Strength  of   109 

Small  Hands,  Sizes  of   22 

Soda — Recovery  from  Spent  Lyes      53 

,,  Lyes  in  Sulphate  process,  Composition  of   62,  63 

,,  Bisulphite  of      65 

Ash,  Valuation  of   85 

,,  Liquors  from  Recovered  Ash,  Analysis  of   85 

Sodium  Chloride,  Sp.  gr.  of  Saturated  Solution  of    119 

Solution  of  the  Aniline  Dyes  in  Water    73 

Specific  Gravity,  Baum6,  and  Twaddell — Comparison  of  Degrees    . . .  126 

Specific  Gravity  of  Solutions  of  Sodium  Carbonate    113 

,,                       Pure  Caustic  Soda    114 

,,            ,,          Cream  Caustic  Soda    115 

,,   -        ,,          White  60  per  cent.  Caustic  Soda     ..  115 

,,            ,,            ,,          White  70  per  cent.  Caustic  Soda     ..  115 

Specific  Heat,  Definition  of   39 

,,    Heats  of  Solids,  Liquids,  and  Gases,  Table  of   39 

Standard  Arsenic  Solution,  Preparation  of    91 

„      Silver  Solution,              „    86 

,,      Acid,  Preparation  of    84 

,,      Caustic  Soda  Solution                                ;   87 

,,      Iodine  Solution      ...    88 

Starch  and  Iodide  Solution      92 

,,            ,,      Papers    92 

,,    Examination  of      96 

Steam,  Table  of  Properties  of  Saturated   40 

,,     for  Hot  Bleaching,  Formula  for  Calculating                        ..  46 

Strainers,  Particulars  of    135 

Straw-boards,  Sizes  of   24 

Straws,  Composition  of  Dutch    59 

Straw,  Steam  required  for  Digesting                                        ...  57 

,,     Particulars  of  Boiling  in  Caustic  Lyes   57 

,,     Yield  of  Cellulose  from    57 

, ,     Composition  of,  Ashes  from    58 

Boilers,  Capacity  of  Spherical    127 

Substantive  or  Basic  Dyes    71 

Sugar  Papers,  Sizes  of     21 

Sulphate  of  Soda,  Sp.  gr.  of  Saturated  Solution  of    119 

Alumina,  Sp.  gr.  of  Solutions  of    II7 

,,        Soda,  Estimation  in  Alkaline  Liquors    86 

Sulphide  of     „  „  ,,    Appendix 

Sulphite  Pulp,  Mitscherlich's  System    67 

Sulphur,  Air  required  for  Burning   67 

Heat  of  Combustion  of    66 

Dioxide  in  Kiln  Gases,  Estimation  of   89 

Sulphuric  Acid,  Sp.  gr.  of    122 

Sulphurous  Acid,  Splutions  of      *.».       ...  „    119 

Surfaces  and  Capac'>ieF,  y.egsuration' of  ..^    '  ,..    3 

Swedish  Practice,  feodu  AYood -pulp        ...              ...       ..  ^  ^  >  j.  ,  60 
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T 

Table  of  Wages   4 

,,    showing  Weight  per  Ream  from  Weight  of  Sheet  in  Grains  ...  34 

,,    of  Specific  Heats   39 

Tannin  Mordants    73 

Temperatures— Comparison  of  Thermometers   36 

,,          Determination  of,  with  Fischer's  Calorimeter   99 

Testing  Papers   102 

Thermal  Unit,  Definition  of   39 

Tin  Salts   73 

Towers,  Mitscherlich's   67 

Twaddell,  Baum6,  and  Sp.  gr.,  Comparison  of   126 

Tl'ade  Customs   Appendix 

U 

Umber   77 

Umpherston's  Beaters,  Particulars  of    131 

Ultramarine  Blue    77 

Examination  of  ...    •   92 

V 

Vegetable  Dyes   75 

Vellums  (Binding),  Sizes  of   23 

Venetian  Red    77 

W 

Wages,  Table  of   4 

Water  required  to  Cool  Sulphur  Kiln  Gases    66 

Examination  of   97 

Estimation  of  Hardness  in   98 

Weights  of  Cubic  Foot  of  Raw  Materials   125 

,,     and  Measures   1 

Weight  per  Ream  from  Weight  of  Sheet  in  Grains    34 

Weights,  Atomic    78 

,,      (Molecular)  of  Compounds    79 

Weld    75 

White's  Oscillating  Strainer,  Particulars  of    135 

Wood-pulps,  Determination  of  Moisture  in       ...    110 

,,      ,,     Sampling   109 

Wood  in  Caustic  Soda,  Steam  required  for  Digesting   47 

,,      Bisulphites         ,,         ,,            ,,    49 

,,   Cellulose  (or  Pulp),  Soda  process   60 

,,                       ,,     Sulphate  process    62 

,,                 Bisulphite  process   6S 

Wrapping  Papers  per  Ream,  Equivalent  Weights  of    29 

Writing      „               „               „               „    28 

„         „         Sizes  of    19 

Y 

Yaryan  Evaporator,  Trials    52 

Yield  of  Pulp  from  Esparto   56 

„            „      Straw    57 

„            ,,      Wood  by  Soda  process    60,62 

„            „            ,,      Sulphate  process   6!! 

„           ,,           ,,      Bisulphite  process   63 
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ADVERTISEMENTS. 
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Telegraphic  Address  :  Codes : 

"  SUPPLISCO,  LONDON,"  A.B.C,  and  ZEBRA, 

O.  Reich  &  Co., 

LONDON,  E.C. 


SOLE  AGENTS  IN  THE  UNITED  KINGDOM  FOR 

Hissmofors  Aktiebolag, 

SWEDEN. 
SOLE  AGENTS  IN  LONDON  DISTRICT  FOR 

Sundsvall  Cellulosa  Aktiebolag, 

SWEDEN. 

SOLE  AGENTS  IN  THE  UNITED  KINGDOM  FOR 

Marbacks  Tramasse  Aktiebolag, 

SWEDEN. 
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ADVERTISEMENTS. 


C.G.HflUBOLD.J"- 

CHEMKITK,  SAXONY. 

#  #  #  ^ 

SPECIALITY:— 

SUPER  CALENDERS    .  . 

Of  the  most  Modern  Construction. 

VERNY  CUTTING  .  .  . 
MACHINES  

SLITTERS  and  .... 
WINDING  MACHINES.  . 

DAMPING  MACHINES,  Etc.,  Etc. 


Highest  References  in  almost  all  parts  of 
tlie  World. 


ADVERTISEMENTS. 
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FRANO   NYA  AKTIEBOLAQ, 

FRANO   (Hernosands   District)  SWEDEN. 


SULPHATE  PULP. 


Extra  Quality  N  mark. 
l8t        „  -AA 


TRADE 


2nd  Quality  -  -  A  mark, 
3rd      „     -   -   O  „ 


MARK 


AOBNTS— 

W.  G.  TAYLOR  &  CO.,  Ltd., 

83,   QUEEN   VICTORIA  STREET, 

>   LONDON,  B.C. 


tloHH  fh 


Runs  through 
two  hundred 
miles  of  the 

finest  Spruce 
Forests  in 

America, 
through  a 

country  abounding  in  MagTiiflcent  Water  Powers 

and  of  easy  access  to  Steamship  Docks  at  Quebec. 

In  Meal  location  lor  me  pulp  iniustrg. 

ALEX.  HARDY,  General  Freight  &  Pass.  Agent, 
J.  G.  SCOTT,  General  Manager, 

.    .    .    QUEBEC,  CANADA. 
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ADVERTISEMENTS. 


F.&G.W.STONIER&CO. 

Harris  Street^ 

8TRANGEWAYS,  MANCHESTER. 
 ^  

MANUFACTURERS  OF— 

PAPER  MACHINE  WIRES, 

Up  to  160  in,  wide. 

Our  SPECIAL  METAL  Machine  Wires  are  giving  the 
HIGHEST  SATISFACTION. 

TINNED  AND  PLAIN  CABLE  WARP  WIRES. 

BACKING  AND  WASHER  WIRES. 

ABd  every  description  of  Wire  Clotb  in  Iron,  Brass, 
Copper,  Bronze,  Stc. 

Our  dandy  rolls  are  unsurpassed 

FOR 

LIGHTNESS,  STRENGTH,  and  DURABILITY. 


Enquiries  Solicited. 


ADVERTISEMENTS. 


XX 


BECKER  &  CO. 

64,  Cannon  Street, 

.  .  LONDON,  E.C. 

And  at  MANCHESTER. 

Telegraphic  )   '*  ODONTOID,  LONDON." 
Addresses   )   "  ODONTOID,  MANCHESTER." 

FINEST  QUALITIES  OF   .  . 

Mechanical 
^  Pulp. 

AGENTS  FOR— 

LABRO  TR^ESLIBERI,  CHRISTIANIA ; 
BJORKA  AKTIEBOLAG,  HERNOSAND ; 

ALSO 

VESTFOS  CELLULOSEFABRIK 

Fine  Quality  Sulphite  (Scotland  excepted). 
AND  MANY  OTHERS. 
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ADVERTISEMENTS. 


JAS.  MILNE  &  SON,  Ltd., 

Milton  House  Works,  EDINBURGH. 


Single-Cylinder  Papermaking  Machine. 

riakers  of  all  classes  of 


PAPERMAKING 
MACHINERY.  = 

Telegrams:  "MILNE,  EDINBURGH." 


ADVERTISEMENTS. 
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Masson,  Scott,  &  Co., 

LIMITED, 

YORK  PLACE  ('"•f  Clfpham  \ 
V  Junction  Station/t 

NEW  WANDSWORTH,  S.W. 

Telephone:  28  Battersea.  Telegrrams:  "Massioun,"  London. 


EVERY  DESCRIPTION  OF 

papcrmaktng  Ztlad^tncrv 

OF  THE  MOST  MODERN  TYPE. 


Estimates  for  Installations  in  all  parts  of  the  world  for 
complete  plants. 


Patent  continuous  system  of  bleaching; 

Great  economy  in  bleach. 

Patent  circulating  pumps  for  stuff; 

Best  in  the  market.    Hundreds  at  work. 

Patent  beating  and  refining  engines; 

Most  effective  and  most  economical. 

Patent  continuous  and  self-cleansing  filters 
for  water  supply  and  effluents. 


WRITE    FOR    PRICES   AND    PARTICULARS  TO 
ABOVE  ADDRESS. 
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^  ^  LIMITED, 

^   Manchester  Alum  Works,  - 

.     .     AND     ,  . 

Goole  Alum  Works,  QOOLE. 


MAN UFACTURERS  OF 

PURE  CRYSTAL  ALUM, 

LUMP  AND  GROUND,  POTASH  OR  AMMONIA. 

.    SULPHALUMINE,  . 

THE  PUREST  FORM  OF  SULPHATE  OF  ALUMINA. 


Also  Sole  Manufacturers  of  the  well-known 

.   ALUMINOFERRIC.  . 

This  article,  which  is  guaranteed  to  contain  14  per  cent. 
Soluble  Alumina,  is  practically  free  from  Free  Acid  and 
Insoluble  Matter,  and  is  extensively  employed  for  sizing 
all  but  the  highest  qualities  of  paper. 


ADVERTISEMENTS. 


ESTABLISHED  1845. 


J*s.  BERTRAM  &  SON, 

LTD., 

LEITH    WALK  FOUNDRY, 

BoiNBUfiGH. 

Telegraphic  Address  :  "BERTRAM,  LEITH." 

Papermakin^ 
MACHINERY 


IN   ALL  ITS  BRANCHES. 
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T.J.MARSHALL  fcC? 

ESTABLISHED  1^92  

/Mcwm$tof3 


Do  not  hesitate  to  write  or  telegraph  if  you  want  a  Dandy  Roll  quickly,  as  we  have  by  far  the 
laxgest  staff  in  the  trade,  and  can  turn  out  a  Plain  Dandy,  Laid,  Wove,  or  Spiral  Laid  in 
two  days,  and  Watermarked  in  three  or  four  days,  if  not  too  heavily  Lettered. 


IF  YOU  WANT  A 


TELEGRAPH  "SScmc^/iM  ^d^Tz^^ 


Telephone  No,  79,  Dalston, 


r 


Have  vou  | 
tried  the 
PATENT 
CLEANSER 
DANDY? 


The  Best 
High-Speed] 
DANDY. 
Amongst 
others,  one 
139-m. 
rnnning 
450  feet  per 
minnte- 


T.  J.  MARSHALL  &  CO.,  ^o^^^^-'"' 


DARTFORD. 


ESTABLISHED  1792. 


ADVEETISEMENTS. 
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Rubber-covered 
ROLLS. 


THE 


North  British  Rubber  Co., 

LTD., 

Were  the  first  to  cover  Largfe 
^  Rolls   for    Papermakers  and 

^  others,  and  have  made  this 

class  of  work  a  Speciality; 

ALSO, 

DECKLE  STRAPS,  BELTING,  VALVES, 
HOSE,  TUBING,  &c. 


Works  :  Castle  Mills,  EDINBURGH^ 


London : 

57,  MooRGATE  Street,  E.G. 

MANCHESTER : 
69  &  71,  Deansgatb. 

GLASGOW : 
60,  Buchanan  Street. 

EDINBURGH  : 
106,  Princes  Street. 


BRANCHES : 

NEWCASTLE-ON-TYNE  : 
39,  Grainger  Street. 

LEEDS : 
65  &  66,  Briggatb. 

LIVERPOOL : 
9,  Lord  St.,  &  Commbrcb  Court. 

BRUSSELS : 
19,  Place  Stb.  Gudulb. 
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HENDERSON, 


CRAIG  &  CO., 


LIMITED, 

97,  Queen  Victoria  Street, 
LONDON,  E.G.  -    .    -  - 

AND  AT  AND  AT 

2,  St.  Andrew  Square,     ^     52,  Corporation  Street, 
EDINBURGH.  MANCHESTER. 


Supply  at  lowest  market 
prices  all  the  principal  articles  used  in  the 
Manufacture  of  Paper. 

Speciality: — 

-WOOD  PULPS- 

.    .    Cfiemicaf  and  DdZecRanicaf. 




97,  QUEEN  VICTORIA  STREET. 

Telegrams:     CRAIG,  LONDON.** 
Codes  Used:  A  /,  A. B.C.,  and  LIBBER'S. 


ADVERTISEMENTS. 
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BENTLEY  &  -  - 
JACKSON,  Ltd.. 

Ipapcrmaf^ers'  lEnomeers, 

BURY,  Near  MANCHESTER,  ENGLAND. 
MAKERS   OF  >  

l>igl)°Cld$$  ?a$t°runnttid  Papermaktnd 

PATENTED  SPECIALITIES. 

MARSHALL'S  PERFECTING  ENGINE. 

NUTTALL'S  RAG  CUTTER. 

COBURN  &  TAYLOR'S  RAG  CUTTER. 

REINICKE  &  JASPER'S  REVOLVING  STRAINER. 

SMITH'S  VIBRATING  FRAME. 

SEDDON'S  PATENT  SHAKE  REGULATOR. 

HOLDEN'S     REVOLVING     DOCTOR  FOR 
COUCH  ROLLS. 

ESTIMATES  ON  APPLICATION. 

Telegraphic  Address:  "CALENDER,  BURY,  ENGLAND." 

12 
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Calypsol  Grease  &  Yarn  Grease. 


LUBRICATING 


Has  no  equal  as  a  lubrication,  will  run  bearings  from  four  to  twelve 
months  with  one  application. 
Saves  50  per  cent,  in  cost.  Melting  point  300°  Fahr. 


PARTICULARS  AND  SAMPLES  FREE  ON  APPLICATION. 


94,   Market  Street,  Manchester. 

Nat.  Tel.  4886. 


ALSING  &  CO., 

LIMITED, 

no,  CANNON  STREET, 
.    .    .    LONDON,  B.C.    .    .  . 


CHEMICAL  W/OOn  PlIIP 
AND  MECHANICAL  WUUU  TULF. 


SOLE  AGENTS  FOR 

kk\   SODA  PULP. 


ADVERTISEMENTS. 


XXX 


Wm.  Makin&Sons, 

SHEFFIELD. 


ESTABLISHED  A.D.  1736 

FOR  THE 

MANUFACTURE  OF 

Papermakers'  Steel  and 
Bronze  Tools. 

London  Office :  83,  Upper  Thames  Street,  E.G. 


HEYWOOD  &  BRIDGE'S 

Imp.  Pat.  Friction  Clutch, 

Prepared  for  Pulley,  Wheel,  or  Shaft  Frictional  Coupling. 


NO  SHOCK  OR  JAR 
WHEN  PUT  IN  AND 
OUT  OF  GEAR  AT 
FULL  SPEED  WITH 
FULL  LOAD  ON. 


HUNDREDS  OP 
REPEAT  ORDERS. 

THOUSANDS 

WORKING. 


As  supplied  to  the  Leading  Paper  Mills. 

SEND  FOR  NEW  CATALOGUE  (60   PAGES,  FREE), 


PATENTEES  AND  SOLE  MAKERS- 
DAVID  BRIDGE  &  CO.,  castleton,  Manchester. 
London  Office— 35,  Queen  Victoria  St.,  E.G. 
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MANCHESTER   ROYAL  EXCHANGE, 
No.  12  PILLAR, 
Tuesdays  and  Fridays, 
2  TILL  2.30. 


Telegrams : 
PUMPS,  BURY," 

Telephone  No,  64, 


CHARLES  WALMSLEY&CO., 

lEttGineers,  3ronfount)er6, 
'       an&  Ipaper  fIDacbinista, 


Atlas  Works, 

ELTON,  BURY. 


ADVERTISEMENTS. 
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C.  H.  Johnson  &  Sons,  Ltd., 

MANCHESTER. 

(Late  JOHNSON   &  HOBBS— ESTABLISHED  1790.) 

MANUFACTURERS  OF  FIRST  GRADE 

PAPER  MACHINE  and 

PRESSE  PATE  WIRES, 

PLAIN,  CABLED,  AND  PHOSPHOR  BRONZE. 

Plain  Wove,  Laid,  and  Watermark  DANDY  ROLLS. 

Brass,  Copper,  Steel,  and  Phosphor  Bronze  Wire  Cloth 
in  all  meshes  and  widths. 

Registered  Office Manchester  Wire  Works, 

SMEDLEY  ROAD,  MANCHESTER. 


W.  G.  Taylor  &  Co.,  Ltd., 

83,  QUEEN  VICTORIA  ST.,  LONDON,  E.C. ; 

Also  at  29,  St.  Andrew  Square,  Edinburgh 

BQcntB  for 

WOOD  PULPS 

OF    ALL  KINDS. 


ESPARTO,  and  all  materials  used  in  the 
Manufacture  of  Paper. 
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BOOKS   FOR  PAPERMAKERS. 


"  The  Chemistry  of  Papermaking'."  31/- 

Together  with  the  principles  of  General  Chemistry.     A  Hand 

Book  for  the  Student  and  Manufacturer. 
By  R.  B.  Griffin  and  A.  D.  Little. 

"Cellulose."  12/- 

An  Outline  of  the  Chemistry  of  the  Structural  Elements  of 

Plants. 
By  Cross  &  Bevan. 

"  Practical  Papermaking'  "  51- 

A  Manual  for  Papermakers  and  Owners,  and  Manag-ers  of 

Paper  Mills. 
By  George  Clapperton. 

The  Art  of  Papermaking."  7/6 

A  Practical  Hand  Book  for  the  manufactvire  of  Paper  from 
Rags,  Esparto,  Straw,  and  other  fibrous  materials,  includ- 
ing the  manufacture  of  pulp  from  Wood  Fibre,  with  a 
description  of  the  machinery  and  appliances  used,  to 
which  are  added  details  of  processes  for  recovering  Soda 
from  waste  liquors. 

By  Alexander  Watt. 

Paper  Mills  Directory. '  2/6 

Contains  a  list  of  the  Paper  Mills  in  the  United  Kingdom,  with 
full  particulars  of  their  manufacture  ;  also  the  London 
Wholesale  Stationers,  and  the  Paperstainers  of  Great 
Britain,  and  much  useful  information  connected  with  the 
Paper  Trade. 

Factory  Book-keeping"  for  Paper  Mills."  10/- 

A  system  of  Book-keeping  and  Costing  applicable  to  the 
operations  of  a  Paper  Mill,  and  devised  to  meet  practical 
requirements. 

B^-  Joseph  Macnaughton. 

*'The  Dyeing-  of  Paper  Pulp."  15/- 

A  practical  treatise  for  Managers  and  Workmen  of  Paper  Mills. 

By  Julius  Erfurt.  Abroad  20/- 

"The  Sampling"  of  Wood  Pulp."  2/- 

A  Pamphlet  dealing  with  the  methods  of  sampling  for  moisture 
tests. 

By  R.  W.  SiNDALL. 

"  A  Text  Book  of  Papermaking  "  (2nd  Edition).  12/6 

A  Text  Book  of  principles,  presenting  the  subject  to  the  reader 
according  to  its  scientific  perspective,  furnishing  a  guide 
to  the  student  or  apprentice  in  acquiring  his  practical 
experience  to  the  best  advantage. 

By  C.  F.  Cross  and  E.  J.  Bevan. 

*'  Svensk  och  Norsk  Pappers  Kalender."  4/- 

The  best  Directory  of  the  Scandinavian  Pulp  and  Paper  Trade. 


Any  of  the  above  books  post  free  on  remittance  with  order  to — 

Wood  Pulp,  Ltd.,  10,  Oodliman  St,,  London,  B.C. 
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